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PREFACE. 



The preface of a work is practically the postscript in the wrong 
place, because no author, who writes to improve as he proceeds, 
can at the commencement of his labours say how much he can 
do. Of course the little portion he has allotted in the narrowness 
of his first conclusion can be stated, but the enlargement of 
his ideas must be for a Aiture explanation. Similarly also, 
in writing on a scientific subject, the mind expands as the pen 
records^ and thus improved ideas are developed. Analogous 
with jbhese remarks has been my experience with the contents 
of this work, which are arranged as follows : — 

In Chapter I. the introduction of the Condensation of Steam 
has been explained and illustrated by nine illustrations, with a 
record, taken from the most reliable sources, of the practical 
results obtained, together with the difficulties that had to be 
overcome. 

Proceeding from that to Chapter II., the modem Condensers 
for Land Beam Engines have been dilated on, and illustrated by 
eight of the most improved examples now in use, and also the 
pumps and valves in connection. 

Chapter III. contains six different arrangements of Condensers 
and tHttings for Oscillating Paddle-Wheel Marine Engines ; and 
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iv PREFACE. 

in Chapter IV. the arrangements for Horizontal Screw-Propeller 
Engines have been largely represented by twenty-three 
illustrations. 

The Surface Condensers I noticed next, commencing in 
Chapter V. the Tubular arrangements, of which there are nine 
examples worthy of attention. 

Then came the different methods for Packing the Tubes in 
Chapter VI., which reached the surprising number of seventeen, 
whereas the general belief is that there are about one-third of 
that number only, but I have shown otherwise for practical use. 

Surface Condensers for Oscillating Paddle- Wheel Engines 
are next explained, and illustrated by four different arrange- 
ments in Chapter VII. This number, doubtless, appears small ; 
but as there are only five vessels so fitted, it will be sufficiently 
explained. 

In Chapter VIII. there are seven illustrations of Surface 
Condensers for Vertical Inverted Screw-Propeller Engines ; and 
in Chapters IX. and X. eighteen examples for Horizontal 
Engines of the Direct and Betum- Action types. 

The arrangement of the Pumps and Valves for Marine 
Engines comprises Chapter XI., and several illustrations in 
other chapters, making altogether twenty-seven examples ; and 
those for Beam Land Engines, nine examples in Chapter XIV. 

I treated in detail the connection of Pump Valves for Marine 
Engines in Chapter XIL, to the extent of fourteen different 
arrangements ; also Pump Motion and Pistons received attention 
by six illustrations. 

The supplementary details or fittings requisite with Con- 
densers are explained in Chapter XIII., and consist of six 
illustrations of Injection Valves, three Snifting Valves, two 
Kingston Valves, and four Water Discharge Valves. 
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The most novel system of Condensation being that without 
an air pump, or by the Ejector, in Chapter XV. I fully inves- 
tigated it, and illustrated thirty-two examples, all different 
and all demanding notice. This did not include either the 
'' outside " the hull system, of which I show three kinds, and 
four of the condensation of steam by air. 

Locomotive engines have lately been fitted with Condensers, 
and in Chapter XVI. there are fifteen illustrations of the 
arrangements and details in actual practice. 

The principles of Condensation have, of course, not escaped 
my notice, and therefore in Chapter XVII. the subject has been 
thoroughly investigated, commencing with the constituent parts 
of steam, and following on to its formation, expansion, and 
condensation. 

The Bules and Tables relating to condensers of all classes 
are contained in Chapter XVIII., after which is a complete 
Index of the Illustrations, the headings being arranged alpha- 
betically. 

I have thus put what I have had to say on this matter into 
262 pages, and illustrated it with 212 practical examples. 

N. P. Burgh. 

78, Waterloo Bbidob, Loinx>N, S. 
May 25th, 1870. 
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CHAPTEE I. 

INTRODUCTION. 

THE PRACTICAL METHOD OF CONDENSING STEAM, IN STEAM ENGINES, 

BETWEEN THE TEARS 1705 AND 1838. 

The knowledge of the rQcoil of the atmosphere immediately after 
the explosion of gunpowder, doubtless originated the idea for the 
condensation of steam, from the fact that the sudden absence 
of a certain volume of air caused a vacuum, and that that vacancy 
was as suddenly filled with what surrounded it, and thus a second 
power was produced. It became evident also, that in any case 
if a vacuum could be caused mechanically, the surrounding 
vapour must fill its place, if permitted to do so, with an attendant 
force equal to the power required for the exhaustion. 

Now the fact of there being a vacuum was a grand discovery, 
only equalled by the use of steam in a practical form as a motive 
power, which began in the year 1688, at which period the 
condensation of steam commenced in a crude form. 

Of course the men of science of that period were puzzled how 
to best adapt the power in their possession, and therefore after 
producing it, they began to condense it to cause a vacuum, by 
taking away the fire firom the boiler, so as to allow the cooling 
action of the atmosphere to act on it wholly. This being a 
very slow process as well as laborious, the steam cylinder was 
put into another, so as to leave a space between them at the 
sides ; and to condense the steam in the inner cylinder, the space 
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2 THE CONDENSATION OP STEAM 

was filled with cold water. An engineer named Newcomen was 
the inventor of that process in the year 1706, which is the date 
of the use of the first surface condenser. 

Soon after this, or in the year 1711, Newcomen, with a 
Mr. Potter, made an engine to pump water from a mine^ the 
engine being on Newcomen's condensing practice ; but the pair 
were stricken with wonder to see, when they started their new 
engine, that it worked double as quick as they conjectured it 
would ; and after an examination, it was discovered that the 
cold water in the outer cylinder passed, by a hole, into the inner 
cyUnder, and thus the first injectim condenser originated. 

Newcomen, being elated at this circumstance, soon converted 
his old ** surface " condensing engine into the then new 

Fia. 1. 




A oopj of the original sketch of Kewoomen's Single- Acting Land Beam Engine 
and Condensing Apparatus, invented and erected bj him in the jear 1711. 



" injection ** system, as illustrated by Fig. 1, in which A alludes 
to the boiler of a dome shape ; and at a small height above it is a 
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cylinder CBBC of metal ; the boiler communicates with this 
cylinder by means of the steam-pipe N. The lower aperture of 
this pipe is shut by the plate N, which is ground very flat, so 
as to apply very accurately to the whole circumference of the 
orifice. The plate is called the regulator or steam-cock, and it 
turns horizontally round an axis h a which passes through the 
top of the boiler, and is fitted to the socket, like the key of a 
cock, by grinding. The upper end of this axis is furnished with 
a handle ftT. 

A piston P is suspended in this cylinder, and made air-tight 
by a packing of leather or soft rope, filled with tallow ; and, for 
greater security, a small quantity of water is kept above the 
piston. The piston-rod PD is suspended by a chain, which is 
fixed to the upper extremity F of the arched head FD of the 
great lever or working beam FK, which turns on the gudgeon 
O. There is a similar arched head EG at the other end of the 
beam. To its upper extremity E is fixed a chain carrying the 
pump-rod KL, which raises the water from the mine. The 
load on this end of the beam is made to exceed considerably the 
weight of the piston P at the other extremity. 

At some height above the top of the cylinder is a cistern W 
called the injection cistern, supplied by the pump K and the 
pipe / /. From this descends the injection-pipe ZSE, which 
enters the cylinder through its bottom, and terminates in a 
small hole K, or sometimes in a nCzzle pierced with many 
smaller holes diverging from a centre in all directions. This 
pipe has, at S, a cock called the injection-cock, fitted with a 
handle V. 

At the opposite side of the cylinder, a little above its bottom, 
there is a lateral pipe, turning upwards at the extremity, and 
there covered by a clack-valve /, called the snifting-valve, 
which has a little dish round it to hold water for keeping it 
air-tight. 

There proceeds also from the bottom of the cylinder a pipe 
p € g h^ of which the lower end is turned upwards, and is 
covered with a valve h. This part is immersed in a cistern of 
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4 THE CONDENSATION OF STEAM. 

water Y, called the hot well, and the pipe itself is called the 
eduction-pipe ; lastly, the boiler is furnished with a safety-valve. 
This valve is generally loaded with one or two pounds on a 
square inch; so that it allows the steam to escape when its 
elasticity is one-tenth greater than that of common air. 

The water in the boiler being supposed to be in a state of 
strong ebullition, and the steam issuing by the safety-valve, let 
us consider the machine in a state of rest, having both the 
steam-cock and injection-cock shut. The resting position or 
attitude of the machine must be such as appears in the sketch, 
the pump-rods preponderating, and the great piston being drawn 
up to the top of the cylinder. Now open the steam-cock by 
turning the handle T of the regulator. The steam from the 
boiler will immediately rush in, and flying all over the cylinder, 
will mix with the air. Much of it will be condensed by the 
cold surface of the cylinder and piston, and the water produced 
from it will trickle down the sides, and run off by the eduction- 
pipe. This condensation and waste of steam will continue till 
the whole cylinder and piston are made as hot as boiling water. 
When this happens, the steam will begin to open the snifting- 
valve /, and issue through the pipe ; slowly at first, and very 
cloudy, being mixed with much air. The blast at / will grow 
stronger by degrees, and more transparent, having already 
carried off the greatest part of the common air which filled the 
cylinder. We supposed that the water was boiling briskly, sp 
that the steam was issuing by the safety-valve which is in the 
top of the boiler, and through every crevice. The opening of 
the steam-cock puts an end to this at once, and it has sometimes 
happened that the cold cylinder abstracts the steam from the 
boiler with such astonishing rapidity, that the pressure of the 
atmosphere has burst up tlie bottom of the boiler. 

We may here mention an accident of which we were witnesses, 
which also shows the immense rapidity of the condensation. 
The boiler was in a frail shed at the side of the engine-house ; a 
shoot of snow from the top of the house fell down and broke 
through the roof of the shed, and was scattered over the head of 
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the boiler, which was of an oblong or oval shape. In an instant 
the sides of it were squeezed together by the pressure of the 
atmosphere. 

When the manager of the engine perceives that not only the 
blast at the snifting-valve is strong and steady, but that the 
boiler is now fully supplied with steam of a proper strength, 
appearing by the renewal of the discharge at the safety-valve, 
he shuts the steam-cock, and opens the injection-cock S by 
turning its handle V. The pressure of the column of water in 
the injection-pipe ZS, immediately forces some water through 
the spout R. This coming in contact with the pure vapour 
which now fills the cylinder, condenses it, and thus makes a 
partial void, into which the more distant steam immediately 
expands, and by expanding rarefies. AVhat remains in the 
cj'linder no longer balances the atmospherical pressure on the 
surface of the water in the injection-cistern, and therefore the 
water spouts rapidly through the hole R, by the joint action of 
the column ZS, and the unbalanced pressure of the atmosphere ; 
at the same time the snifting-valve /, and the eduction -valve A, 
iire shut by the unbalanced pressure of the atmosphere. The 
velocity of the injection water must therefore rapidly increase, 
and the jet will dash against the bottom of the piston, and be 
scattered through the whole capacity of the cylinder. In a very 
short space of time, therefore, the condensation of the steam 
becomes universal, and the elasticity of what remains is almost 
nothing. The whole pressure of the atmosphere is exerted on 
the upper surface of the piston, while there is hardly any on its 
under side. Therefore, if the load on the outer end E of the 
working-beam be inferior to this pressure, it must yield to it. 
The piston P must descend, and the pump-piston L must 
ascend, bringing along with it the water of the mine ; and the 
motion must continue till the great piston reaches the bottom of 
the cylinder ; for it is not like the motion which would take 
place in a cylinder of air rarefied to the same degree. In this 
last case, the impelling force would be continually diminished, 
because the capacity of the cylinder is diminished by the descent 
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of the piston, and the air in it is continually becoming more 
dense and elastic. The piston would stop at a certain height, 
where the elasticity of the included air, together with the load 
at E, would balance the atmospherical pressure on the piston. 
But when the contents of the cylinder are pure vapour, and the 
continued stream of injected cold water keeps down its tempera- 
ture to the same pitch as at the beginning, the elasticity of the 
remaining steam can never increase by the descent of the 
piston, nor exceed what corresponds to this temperature. 

This reference and explanation is according to the descrip- 
tion by Dr. Robison, a notable writer for the "Encyclopaedia 
Britannica" — seventh edition — alsc a great friend of Watt as 
far back as the year 1756. 

That engine and condenser were single-acting, and it was 
not until the year ITiiO that "Watt introduced his condensing 
apparatus, as shown by Fig. 2, 
for double-acting land beam en- 
gines, wliicb was arranged thus ; — 
A large cistern of cold water was 
provided, and furnished con- 
) tinually with fresh supplies of 
cold water, either from a running 
stream or by means of the pump 
worked by the engine itself. In 
this is placed the condensing 
chamber, or condenser, wholly 
■ surrounded by the cold water, 
«rErt«i"by l*"*- perfectly empty, excepting 
rry^r m9."'"^ ■"" '^'"" "^^''"^ that a smaU jet of cold water 
from the exterior is admitted 
through a regulated aperture to play in the inside. The steam- 
pipe conducts the steam out of the cylinder by the valve into the 
condenser, where it is reduced back into the water from which it 
had been originally generated. Now, it must be obviojis on a 
little consideration, that the water which is injected into the con- 
den.ser must rapidly accumulate there, becoming at the same 
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time warmed by contact with the steam, so as to impede the 
process of condensation, and ultimately filling up the interior of 
the condensing chamber, which should be kept vacuous ; and 
further, that the steam itself, becoming reconverted into water, 
would in a short period of time accumulate in the condenser and 
choke it up. Hence a principal and essential appendage of the 
condenser is a large pump, called the condenser-pump, or air- 
pump, which is essential to its long-continued efiBcient action, 
and which withdraws a portion of the accumulated warmed 
water from the interior of the condenser, and keeps it vacuous ; 
and because there is generally air in combination with the 
water, and because also air is very apt to insinuate itself by 
many chinks or crevices into the condenser, this clearing-pump 
must be capable of pumping out air as \vell as water. 

Watt is reputed to have introduced a ** surface " condenser also, 
but instead of being as Newcomen's, it had a number of tubes or 
flat surfaces, through which the steam passed in the form of a 
vapour at one end and a fluid at the other, from the action of 
cold water surrounding the surfaces. 

In the year 1820 steam navigation had been introduced 



Fig. 3. 
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Sectional Elevation of Injection Condenser and Air Pump for a Side-Lever 
Marine Paddle-wheel Engitie, as u>ed in the ytar 1820. 

nineteen years, and the side-lever engine — a copy of the land 
beam engine with inverted position for the beam — came into 
much use. The arrangements of the air-pump and condenser 
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are represented by Pig. 3 on the preceding page, which is a very 
near acquaintance of Fig. 2 on page 6, as far as the principles 
of the arrangements are concerned. 

In this illustration — Fig. 3 — the valves are metallic, and the 
steam from the engine cylinder enters at the top and bottom of 
the condenser, while the water discharge-passage forms a channel 
in the condenser, both being in one casting. 

Our chronology now advances eleven years, and alludes to the 
invention of Mr. Samuel Hall's surface condenser, in the year 
1831. This consisted of a series of tubes vertically secured in 
an iron casing of any convenient shape. Mr. Hall at that time 
entertained the idea that the steam should surround the tubes 
and the water pass through them, but not freely, but should 
rather be made to " fill and bold in " the tubes, 
instead of a free current passing as we now 
adopt. To accomplish that, each tube was 
fitted as shown by Fig. 4, which is a cap- 
nut enclosing the top, with an opening in the 
cap of a lesser area than the area of the tube, 
to admit the water therein ; and the other end 
of the tube was fitted tlie same, but also with 
an inside nut as shown by dotted lines. The 
packing proposed was indiarubber and can- 
vas, and the tube was " screwed " for a certain 
length at each end. 

Mr. Hall had also another feature in his 
invention, which was that the water entering 
the tubes .should be "strained," to prevent 
any solid matter, as much as practicable, from 
entering and choking them, which arrange- 
ntheje-rfssi.' ^^^^^ ^^ illustrated by Fig. 5, being an illus- 
tration of a portion of a condenser, with the 
tubes packed an explained, and covered by a perforated plate ; 
but in some cases the plate was removed, and little curved 
pipes were used instead of the openings in the nuts as shown 
in dotted lines in this view and in Fig. 4. 
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We cannot help remarking, that although Mr. Hall founded 
Surface Condensation, he carried it out, to begin with, in iis bad 
a way as possible, by the adoption of the "perforated plate, the 




cap-nut, and the little curved pipe on it ;" in fact, nothing could 
have been more fatal to his scheme, inasmuch that although he 
wanted the water to carry off the heat, he did all be could to 
prevent that operation. 

As an evidence of this, nothing of any practical value was 




HiiIl'>"In3iJe"SurfaceConden«riinrt Air-Pump, lilted in the S5. " Hereulw," 
ill tfae jfDi' 1837, tnding between LondoD uxt Cuit. 

done until the year 1837, when the S.S. " Hercules" was fitted 
with a surfiicc condenser having the steam inside the tubes, as 
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illustrated by Fifj. 6, on the preceding page, and soon after 
H.M.S. ''Megara" was fitted with one of a similar arrange- 
Fio. 7, mcnt ; but in both cases Hall discarded 

his "cap-nut and small pipe," and put in 
their place the sensible plan, as illustrated 
by Fig. 7, for packing the tubes. He still 
"held" to his perforated plate, however, 
but tliat soon gave way to a method for 
better distributing the steam as illustrated 

, 11^ ^t| by Fig. 8, which is a series of thin curved 

\\B B plates, fixed on the tube plate at equal 

^^ ™ distance^ and at the main inlet, so that 

an equal area for the flow of the steam is 
ensured to an equivalent amount of tube 
openings. This was the best method then 
C(^en'wn.,"iiii|fe"' ib" ti" kiiowu, and finally led to the absence of 
^"■''"'^ that and all the preceding steam dis- 

tributors, and in their place the free admission of the steam over 
the tube plate became generally adopted. 

From this date, IS3S, the cofidensation of steam was very 
popular, and attention was next turned to reduce the size of the 





pumps, by making them double instead of single-acting, and the 
first of this kind is shown by Fit^. 9. The action of the piston 
being "solid," duplicate valves are situated over and under the 
pump, and thus a continual suction and discharge is maintained 
during the up and down motion of the piston. ITie " working " 
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n 



of the valves is this : — On the piston rising the bottom left-hand 
valve opens, as also does the top right-hand valve, but the 
former admits water into the pump, and the latter permits the 
discharge from it : on the return stroke of the piston a reverse 
action of the other two valves occurs ; it being understood that 
two valves are always stationary while the other two are in 
motion. 



Fro. 9. 




S«ctioDal Elei'Ation of the Double-Acting Air-Pump and InjectioD Condeuiicr 
titted in tlie Steamship ^' Nimrod *' iu the yecir 1843. 



12 THE CONDENSATION OF STEAM 



CHAPTER II. 

modern injkction-condensers for land beam engines, 

practically considered. 

Injection Condensers and Air-pumps for Beam Engines. — 
When Watt arranged his condenser and air-pump, as shown hy 
Fig. 2 on page 6, he "laid down" a rule which engineers copied 
for years after, without troubUng themselves to inquire, or even 
think, whether it could be improved on or not. The matter 
before them was all-sufficient because it answered up to a certain 
point of working duty, and thus mutual contentment reigned 
where an equal desire for further knowledge should have been. 
The fact of this is clearly proven by the circumstance, of later 
makers of beam engines copying each other so close as those who 
immediately followed Watt copied him. As an illustration of 
this Fig. 10 is introduced, being a sectional elevation and plan 
of an air-pump and condenser by Mr. Howe of Chesterfield, for 
a pumping engine he erected at Clay Cross in the year 18(52. 

This is the best arrangement of the kind yet produced, 
because the " foot" or *' suction " valve is directly at the end of 
the travel of the pump, but with the disadvantage of a consider- 
able space between that valve and the piston when it is down, so 
that the condenser is never drained below the level of the 
bottom of the pump. 

The condenser and pump are enclosed in a tank which is 
nearl}' full of water always, to prevent any escape of air should 
any of tlie joints leak below the water line. 



FOR LAND ENGINES. 



In the year following, 1863, we designed a blowing beam 
engine for large Smelting works near London, and the condenser 
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and air-pump were arranged as shown by Fig. U, being the 
general practice, as used in Cornwall especially. We put the 
suction-valve low down, and also the bottom of the pump, and 
thus obtained a vacuum of 20 inches constant. The entire 




casings were submerged in a water-tank made of cemented brick- 
work with a wooden floor. 

Cornwall may be termed the land of beam engines ; in fact, 
they may be said to have been "raised" there more than in 
any other county. The engineers of that county being 
naturally ingenious, proved Watt to have been over-careful in 
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ELONGATED 
STEAM 



providing a " foot " valve, to prevent the return of the water 
into the condenser, by omitting that valve, as shown by Fig. 12. 
This arrangement is the best 
of its class, on account of the 
piston valve being made to 
open freely, to admit the water 
into the pump on the descent 
of the piston. This has an- 
swered very well, and main- 
tained as good a vacuum as 
the Watt arrangement does. 

In two or three instances 
we have lately arranged the 
foot valve as shown by Fig. 
13, where it is seen inverted 
in the bottom of the conden- 
ser, and the top discharge Comish Annngemeut of Ail -Pump aid Condenser 

1 J • 1 -I mi • without A Suction or Foot Valve, usM since the 

valve entirely removed. This year i8o8. 
has answered as well, and in 
many cases far better than 
the ordinary method, with a 
considerable saving by the 
absence of one valve seating 
and fittings, besides the les- 
sening of friction. The level 
of the discharged water in 
this case was always below 
the top of the pump travel. 

As far back as the year 
18G2 we introduced the over- 
head condenser, as illustrated 
by Fig. 14 on the next page. 




Fig. 13. 



ELONCATIO 
STEAM 
INLET 
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4-Vtiio ^••rxo.<<k4-4-C«>^ 4.V.,v r^ Buj-gh's Anaiisjemeut ot Aii-Pump and Condenser, 

thus upsetting the former ..^^h an inverted Suaion Valve and no Discharge 

arrangements entirely. We vaive, used since the year i860. 
introduced a plunger piston packed at the bottom end, and 
adjusted therefrom also. Two valves only were required at 
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the top of the pump, so that the water flowed nearly direct 
from the condenser to the discharge chamber. 

The principle of the arrangement, as it occurred to us, was 
this : first, when the water that condenses the steam — and the 



Fig. 14. 





Burgh's *- Over-head " Condenser imd Air-Puinp ArniDgement for Beam 

Engines, applied in the year 1862. 



ft. 


In. 


Diameter of Steam Cylinder . 2 


Hi 


Stroke of Piston .... 6 





Diameter of Pump ... 1 


10 


Diameter of Rod .... 


2i 



ft. 



Stix)ke of Pump 2 

Diameter of Injection Pipe . . 
Area of Snction Valve . 
Area of Discharge Valve 



In. 

6 

3 
150sq. in. 
160 



f» 



steam condensed — must be raised out of the condenser, the 
density of that water must be a resistance against the piston at 
the down stroke, and the weight of the same a load to be lifted 
by it at the up stroke. Second, knowing from practical demon- 



FOR LAND ENGINES. 17 

fitration that falliruf water produces a vacuum immediately around 
it, we concluded that the injection water should faU on the steam, 
and that the contents of the condenser should fall into the 
pump, and there our theory ended ; for we cared not much how 
the water was dispensed with afterwards, but nevertheless carried 
it oft' in the best way we tnew. Well, the result was an extra 
two pounds of vacuum gained, over the old arrangements, with 
half the power to work the pump. 





In another way this has been partially accomplished by 
putting both the valves tmder the pump, as shown by Fig. 15 ; 
but this arrangement could not, under any circumstance, 
accomplish as much as that preceding it, because some of tlie air 



'l 
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on the water would remain in the passage between the valves, due 
to the reduction of the area of the discharge limit at the top ; 
while by reversing the situation of the discharge valve a better 
effect could be ensured, as illustrated by Fig. 1 6 on the preceding 
pagCc Here it will be noticed that the discharge valve opens widest 
at the top, and thus a primary discharge of the air, followed 
by the water, occurs. The closing of the valve is occasioned 
by its elasticity, and the water pressing on it through the 
perforations in the guard. 

It will be remembered that the examples of condensers we 
have hitherto noticed, excepting one, have the steam entering at 
the top and the injection pipe below, so that the water rises 
to meet the steam. A more eflBcient method is illustrated by 
Fig. 1 7, where the water pipe empties itself into a space at the top 
of the condenser, and the plate directly below being perforated, 
a " shovver " of water falls to meet the steam as it enters the 
condenser directly under the plate, by which means a better 
vacuum is obtained than by the ordinary " rose " pipe. 



Fig. 17. 




'•Spray Plate" Injection Condenser, used since 
the year 1856. 



FOB PADDLE-WHEEL MARINE ENGINES. 



CHAPTER III. 

modern injection condensers for oscillating paddle-wheel 
marine engines pbaoticallt considered. 

Injection Condensers and Air-Pcmps for Oscillating 
Paddle-wheel Engines. — The arrangement of the air-pump and 
condenser for this class of enginecommenced about the year 1830, 
when Messrs. Penn and Son introduced them. As the engine 




fitted in tnudl rircr ilcunera aincc the jear 1830. 

power is comparatively small, the pump barrel and condenser 
are usually in one casting, as illustrated l)y Fig. 18. The three 

c 2 
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valves for " suction, lift, and discharge," are directly over each 
other, so that tlie former can only be inspected by the removal 
of the two latter. The condenser shell surrounds the pump 
barrel, and the annular space is the condenser proper, the 
injection water entering soraetiroes below the steam openings, 
rather than above, as illustrated. 




Dintnelrr nrSlsun Cylindir 

Slrokr of PtstoD .... 
Diamrtwof Air-Pump . . 
rVplh of Pi»ton .... 
I^HineUrorTnink . . . 
Stroke dT Pliton . . . 
Diunetar cf Coifnectlng Rod 



Air-pump and Side Condenier Tor J 
P«ldl&-Wh«l EngiBw. 
It Id. 






n Valro. 
ion Vaira 



imberofPitton 
liUrm of Pision Valrn . 
imberotPiMhirgc Valvts 
bnl am of Diwhargc Vulcei 
.merer of Ii.j™tion Pip. . 



Of a general character for larger engines is the arrangement 
shown by Fig. 19, in which the valves are multiple, and the 
connection of the trunk with the piston separate from the 
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guards. The condenser is also at the side, instead of being a 
portion of the barrel ; in fact, the entire mechanical connections 
require, from their size, to be as illustrated, rather than as in 
the preceding example. This arrangement is used for angular 
oscillating engines chiefly, where the two connecting, or piston, 
rods, are attached to the same crank-pin, and the pumps and 

Fio. 20. 




Present Amogement of Air-Piimp and Condenier for large power Vertical 
Oscillating Paddle- Wheel Engines, used since the year 1962 by the 
leading firma of England and Scotland. 



ft. In. 



Nominal H.P. of Engine, 250 

Diameter of Connecting Kod . 

Diameter of Air- Pump . . 2 

Diameter of Trunk . . . 10) 

Length of Stroke .... 1 9 



3 
10 



Ai«a of Foot Valves (7 for 1 1 ' 

pump) ......; 2768q.m. 

Area of Piaton Valve? (7 for 1 1 „., ^ 
pump) ....../ 241-5 sq.m. 

Area of Discharge Valve (8 for ^ „_« 
1 pump) . . . . . I 276 «i. in. 

Diameter of Injection Pipe (2) 5 inches. 

condensers at the ends of the engines instead of between them, 
which, when occurring, the pumps are angularly situated, as 
shown by Fig. 20, and the engine cylinders vertical, when 
their pistons are at half stroke, or what is termed the *' vertical 
oscillating engines." 
This is a very neat arrangement, and is now universally 
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used by Messrs. Penn, Maudslay, Eavenhill, Napier, and 
Rennie. 

Each portion, it is seen, is separate, instead of some parts 
being combined : this is for the better processes of moulding and 
fitting, as in the event of a disaster with any part, it affects 
that only ; while at the same time with large sizes the pattern 
is practically too cumbersome for one entire casting. 

Of course it will be noticed that only one half of the arrange- 
ment is shown in the illustration, but both being duplicates the 
completion is readily understood. 

The next example — Fig. 21 — ^is by the well-known firm of 
Messrs. James Watt &*Co., it being for the same purposes as 
that just described : the illustrations are in sectional elevation 
and plan, and show the details very clearly. In the place of 
small valves on the piston, Messrs. Watt prefer one valve with 
a curved seating, to lend " help " to the action of the valve as it 
closes. The arrangement of the suction valves is very good, 
because a door is provided to inspect, refit, or remove them, 
which are matters of the greatest importance at sea, and only to 
be appreciated by those who practically have used the ad- 
vantage, and in other cases have not had the means to do so. 

Another worthy feature is the discharge valve seating, it 
being a box fastened to the side of the chamber^ perforated at 
suitable places as valve openings, and on them the valves and 
guards are secured as ordinarily. The gain here is that those 
valves are at the top, bottom, ends, and front of a box, thus 
occupying much less room in length and breadth than the flat 
plate arrangement. All the remaining portions being similar as 
those described, also being self-explanatory, we proceed to notice 
an arrangement by the late John Elder, as illustrated by Fig. 22. 

Although this dates back to the year 1856, it is an evidence 
that the requisite improvements were considered then as much 
as in later times, as shown on page 24. 

Mr. Elder, with his partner Mr. Eandolph, patented a species 
of direct-acting angular engines, high and low pressure combined, 
and with that and other matters, the pump arrangement under 
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notice, which consisted of being double-acting, with duplicate 
^ valves on each side of the barrel, and the piston worked 
vertically under any circumstance of use. 



Fig. 21. 




WaU*s present arrangement of Air-Pumps and Condenser for Oscillating; Paddle- Wheel Engines, used 

by them, since the year 1860, for all classes and poweiv. 



ft In. 
Nominal H.P. of Engine?, 300 
Diameter of Connecting Rod .0 4} 
Diameter of Air-Pump ..34 
Diameter of Trunk ... 13 
Length of Stroke .... 2 6 



Total area of Foot Valves (one \ „„<, 
pump) ......; 3-«»<l-"'- 

Total area of Piston Valve (one \ oe:« i«o 
pump) ) 351-68 «,. in. 

Total area of Dischartre Valves \ o^a 

(one pump) . . . . . / ^^^ «i. m. 



Diameter of Injection Pi|« 6 inchej. 
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The main attainment is, tliat as the suction valves are at the 
top of the pump, and those for the discharge immediately above 
thera also, the piston acting as a *' plunger " instead of a 
" bucket," the water therefore " falls " into the barrel and thus 
a *' 83fphon " action is produced. 

Treating next of general matters relating to pumps, it must be 
noticed that Penn, Maudslay, and Ravenhill have sometimes put 
the discharge valve directly over the air-pump piston, allowing 
the trunk to pass through the top valve seating, and studs or 
bolts passing through the top cover retain the seating in 




question in its position. This, although objectionable as an 
arrangement theoretically, is not found practically inconvenient, 
as the entire portion above the foot valves, with small engines 
below 50 horse power nominal collectively, can be removed 
witliout a separate dis<:onnection. 

Notwithstanding these facts relating to small engines, and 
that doors are arranged to admit access to the " foot valves " in 
larger examples, it is obvious that in either case an independent 
means of access to the separate portions is not available. 
Another question also presents itself for due attention — the 
pontion of the contlen-'fr relative to the air-pump. It is seen 
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that the general practice, from the examples previously noticed, 
is to arrange the condenser and pump on the same level in 
principle, and thus the water will not rise in the pump — by 
gravitation — above that in the condenser. The drainage of the 
condenser is only admitted by the rising of the air-pump piston, 
and should the latter not be in perfect order, a great loss of 
vacuum is the result. The main cause for the universal 
adoption of the arrangements in question, combined with the 
knowledge of their several defects, is that the motion imparted 
to the pistons is from the crank shaft, and thus an almost 
vertical action imperative. The condenser also, with large 
engines of great weight, must, or should be, as low in the hull 
of the vessel as practicable. The pumps are, as a rule, with 
little exception, single acting, and thus the foot valves are at 
the bottom of the condenser, at the base of the pump ; the 
recessed portion, directly below the barrel, admitting an ac- 
cumulation of the condensed steam and water under the valves 
in question. On the piston rising^ the foot valves open; the 
water leaves the condenser and ascends in the pump, although 
the natural course of the fluid is to descend. The piston, when 
descending, closes the foot valves by causing a load on them, 
due to the water in the pump ; the weight is next relieved from 
the valves by the rising of the piston, and the final discharge 
effected. Now the action of the piston and valves as arranged 
in the examples alluded to being obvious by noticing the 
illustrations, the description just presented may seem un- 
necessary ; it must be added, however, as a cause, that although 
the remarks in question are in connection with the prior examples, 
they refer comparatively to the arrangement next to be alluded to, 
represented by Fig. 23 on the next page. In this example 
the condenser is above the pump, the bottom of the former 
being nearly level with the exhaust opening in the trunnion. 
The suction valves are inverted^ and the discharge valves laterally 
situated directly below the former. The piston is of a peculiar 
section, recessed to suit the requirements of adjustment, and 
effecting an almost perfect discharge from the space directly 
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under the condenser. The piston rod passes tlirough tbe 
bottom of the condenser, in which latter compartment a guide 
channel is formed. The discharge chamber and air vessel are 
of the ordinary kind, with the feed water pipe shown connected 




ilurgh'i Orer-bcad Couilcnaer, Plunger Air-Hump, i-equiriug odI; Ii«> ula of 
VbItm, wilh perftcc condcuntion, tor Oicillating Paddlc-irhKl Eneint*, 
inrntcd in the Tcu- 1862. 







Length of Stroke . . . . 


3 


Diameter of ConmctiDg atid 1 






2tl0tq.i.i. 




Arwof Discbuye V«lmCi3) 


2R0 iq. ID. 


Diamf lar ol Air-I'ump . , . 


2 10 


Diameter of Injection Pipe. . 


Hi.. 



to the underside. The injection valve passage and rose-pipe 
are near the roof of the condenser, a certain height above the 
trunnion openings. The cock and valve below the trunnion 
openings are for the purpose of permitting a discharge of any 
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condensed steam that may accumulate in the exhaust steam 
passage at the front of the condenser. 

The sectional elevation having been thus far alluded to 
attention must now be directed to the plan. To render this 
view practical as well as conclusive, one half is shown in section 
and the other complete. 

This arrangement of condenser is especially adapted to admit 
ample space for adjusting and renewing the adjustment and 
packing of the exhaust trunnion stuffing boxes, an advantage only 
to be appreciated by those who are acquainted with the cramped 
space generally allotted for those purposes. Access to the entire 
set of valves is attained by doors suitably placed, the repre- 
sentation of which is seen in both views. 

Next to be considered is the actual gain by the adoption of 
the arrangement under present notice over those previously 
alluded to as the common practice. It will be remembered it 
has been stated that, with the usual arrangements, **onthe 
piston rising the foot valves open.** Now in the present case 
matters are reversed, the valves, common to the condenser, open 
only to drain the same, when the piston is descending; after 
this is accomplished the water is discharged without passing 
through the piston ; thus finally the same result ensues, the 
water is discharged when the piston is ascending — as before — 
but the foot valves are closed. Further than this, as an actual 
gain, the gravity of the water assists the action of the pump 
when draining the condenser. By this arrangement a better 
vacuum is certain, and one entire set of piston valves dispensed 
with. Economy of material is thus produced, simplicity of 
arrangement effected, and the main attainment — " perfect con- 
densation "—rendered certain. 
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CHAPTER lY. 

injection condensers for horizontal marine screw- 
propeller-engines practically considered. 

Trunk Air-Pump Plungers and Condensers for Screw 
Engines. — When Messrs. Penn and Son patented their im- 
provement on the trunk engine invented by Mr. Humphrys — 
who would use oval trunks instead of those of a circular shape — 
several marine engineering firms agitated the question of 
evading Messrs. Penn's patent, but, if possible, retaining the 

Fig. 24. 




Longitudinal Sectional i£levation of Napiei'^s Plunger Trunk 
Air-pump and Condenser, inreoted in the ye:it- 1950. 

main advantages at the same time. Now to put the double 
cylindrical trunks in the engine cylinder was Messrs. Penn's 
claim, and not to do that was what was required. First Messrs. 
Napier and Son of Glasgow came forward with their ideas to 
accomplish it about twenty years ago similar, as illustrated by 
Fig. 24, which is an improved arrangement dating back about 
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half that time. The sectional plan is shown by Fig. 25, and 
the complete end and sectional elevations by Fig, 26. 

Messrs. Penn, it will be remembered, put the trunk and 
connecting rod in the steam cylinder, but Messrs, Napier, to 
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escape that, put those details in the condenser, and thus made 
the trunk a single-acting plunger pump, worked by two piston 
rods from the steam piston. The condenser is arranged partially 
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over the pump and at the sides ; the suction valves are inverted, 
and directly over them are those for the discharge, their chamber 
being at the back over the pump. This requires a complicated 
casting, but nevertheless is very ingenious, and clearly illustrates 
what one inventor will do to evade the ideas of another. 

The mode of adjusting the brasses in the eye-piece of the 
connecting pin is very ingenious but expensive : it requires a 
guide portion or small trunk at the back end of the larger, in 
which is an adjusting screw-rod and loose set-rod, with jam-nuts 

Fig. 27. 




Kennie*8 Plunger Air-Pump and Condenier, invented in 

the year 1855. 

Nominal H.P. of Engines, 200 
ft. in. 



Diameter of Pumps (2) . . . 16 
Length of Stroke .,..20 
Diameter of Connectin}]; Rod . 3 
Sizes of Valves (7x12 in.) 



ft. In. 



Number of Suction Valves (6) 
Number of Discharge Valves (6) 
Diameter of Injection Pipes (2) . 
Diameter of Discharge Pipes (2) 




1 



3J 




to keep the eye-piece in its place, to resist the " pull ' and 
" thrust ** imposed on it. We may add that Messrs. Napier are 
obliged to make the diameter of the plunger pump large enough 
to allow the connecting rod to clear within it, rather than adopt 
the usual proportions. 

Five years after Messrs. Napier began, or about sixteen 
years ago, Messrs. Eennie " followed suit," and they had not 
only Messrs. Penn's plan to evade, but also the Napiers*. To 
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accomplish the first, a single trunk was used, and to do the 
second, the piston rods were removed and a connecting rod 
applied in their place. This feat of ingenuity produced the 
condenser as shown by Fig. 27. 

The plunger is a hollow tube, with a closed end, forming a 
separate portion, secured by bolts and nuts. The connecting 
pin of the connecting rod is secured, about two-thirds of^the 
length of the plunger, by bolts and nuts to flanges cast with 
the same, so that when the plunger is at half-stroke — as 
shown — the centre of the pin is at the centre of the guiding 
and packing portions forming the stuffing box. The condensing 
chamber is at the front end of the structure. The injection 
valve — seen near the top — is a perforated disc, acting on a 
seating of similar design. The exhaust steam enters the 
condenser opposite the injection valve, and thus an immediate 
contact of the steam and water is the result. The door above 
the valve permits inspection and access for repairs. The pump 
being single acting, the valves are at the extreme end of the 
barrel, over and under the same. These valves are rectangular 
in plan, and the seatings perforated like the honeycomb, rather 
than square or round passages. The guards are flat perforated 
plates, at the requisite angle, in proportion to the lift sufficient 
for the valves. The doors for the inspection, renewal, &c., are 
at the back of the discharge chamber. This latter compart- 
ment is over, and partly around, the barrel. The discharge 
opening is above the roof of the condenser, rather than level 
with it, as in many instances. 

The snifting valve, in the section under notice, is at the 
front of the condenser, while in other examples the back of the 
same is considered the preferable position ; certainly the latter 
position is the more accessible. 

No sooner had Messrs. Rennie brought their arrangement 
into frequent use in their practice, than Mr. Tod, of Glasgow, 
introduced his, as illustrated by Fig. 28, which is sectional and 
complete elevations of the condenser and pumps. Fig. 29 is a 
longitudinal sectional elevation^ and Fig. 80 a sectional elevation, 
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showing the pump in complete view. The air-pumps are 
disposed within the condensers, and in the same horizontal plane 
witli the main steam cylinders, and tiiey halance the latter on 
the opposite side of the keel line. Each main steam piston is 
fitted with four piston rods, disposed in a parallelogram, and 
working through stuHing hoxes in the front covers, or on the 
end of the cylinders next the keel, so that there are in each an 




gectlnaul Elevation of Tod't CoDdnuer, 
ihaviD|;tl»Pum[n incoinpletdiritw, 
piteDlai in Ihe fear 18^9. 

upper and a lower pair of rods. Those piston rods are cottered 
by end connections to other and corresponding rods which pass 
through stuffing boxes in the front end of the condensers next 
the keel, and of course immediately opposite the stuffing boxes 
of the steam cylinders, two being above and two below the 
main cranked or engine shaft. All the rods pass directly 
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through the condenser, on the outside of which, next the side 
of the vessel, they are connected together to work thus by a 
suitable horizontal crosshead with transverse end pieces. To the 
centre of each crosshead there is jointed the external end of a 
horizontal connecting rod, which passes back transversely 
through a transverse vertical slot in the condenser to a twin- 
crank pin on the main shaft. Obviously then, whilst the pistons 
and rods are well guided, long connecting rods are obtained, and 
the effect of the transverse reciprocatory action of the pistons is 
transferred to the main shaft. The piston rods are applied also 
for working the air-pumps and the feed and bilge or other 
pumps necessary for the action of the engines, or for the 
requisite working of the ship when afloat. 

As each engine steam cylinder has a pair of air-pumps opposite 
to it, that are situated in the condenser, and as the lower pair 
of piston rods in each case actuate those pumps, and that the 
piston rods each pass through a hollow or tubular brass or gun 
metal plunger turned to fit the corresponding air-pump, and are 
connected to the plunger by a collar and nut at the external, 
crosshead, end ; evidently the air-pumps, as there are two to 
each steam cylinder, may have comparatively small diameters, 
while they have the same stroke as the steam cylinders. 

The air-pump plungers work through stuffing boxes in the 
outer sides of the condenser, jmd thus form a good guide for the 
steam piston rods. Each condenser surrounds or envelopes its 
corresponding air-pumps, which are situated in the lower part 
thereof, and the two in each case have one common intermediate 
suction or foot valve for taking the water and vapour from the 
lower part of the condenser, while a similar common valve 
above aflbrds the means of discharge to the hot well and else- 
where. The upper pair of elongated steam piston rods in each 
case woris the feed and bilge pumps of the vessel, the respective 
plungers being directly attached to the rods as in the case of 
the air-pumps, and an equally good guide is thus secured. The 
two condensers are bolted together, and to the framing in the 
same manner, as the steam cylrndws. 

D 
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Four years from the last date, or in the year 1863, Mr. 
Jackson, of the Canal Iron Works, — Seaward's old works, — 
patented and made the arrangement shown by Fig. 31. 

Instead of employing a guide block and guides, or any of the 
asual methods for guiding and supporting the outer end of the 
piston rod at its junction with the connecting rod, and instead also 
of working a pump by a lever, or from off the crank, or by an ec- 
centric, or other means of communicating motion, those two means 
for guiding the piston rod and working the pump are effected by 
placing the pump barrel with its longitudinal position in or nearly 
in a line with the cylinder, between the cylinder and the crank 
shaft. The pump plunger or piston is connected to the engine 




piston rod, and also to the end of the connecting rod of the crank- 
pin, by a pin, and the connecting rod being forked, thus the pump 
is worked direct, and forms also the guide for the piston rod. 

For injection condensing engines the air-pump is the pump 
employed in this manner, and its piston or plunger is of sufficient 
diameter to allow of a trunk large enough to permit of the 
connecting rod vibrating therein ; and where the distance 
between the cylinder end and the crank shafb is limited, as is 
generally the case in horizontal marine screw engines, it is 
preferred to employ a single-acting and single trunk pump, the 
capacity of the pump chamber or barrel being regulated by the 
dimensions of the annular space, or the difference between the 
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as 



exterior diameter of the trunk and the interior diameter of the 
pump barrel. 

In inverted direct-acting screw engines the valves may be 
placed at the bottom of each pump in direct communication 
with the condenser, as illustrated. In every case the connecting 
rod works within the trunk of a pump placed between the 
cylinder and the crank, and the cylinder of the pump and the 
packed end or ends thereof, or the piston and the gland alone 
are the means of guiding the piston rod, and of taking the 
thrust due to the angular motion of the connecting rod. 

Fig. 32. 
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Peonfl' Injection Condensers and Doable-Action Air-Pumps, for dii-ecting 
Double-Tmnk Screw Engines, as used since the jear 1860. 



ft. In. 
Nominal H.P. of Engines, 1350 

Diameter of Pumps (2) . . 2 10 

Length of Stroke .... 4 4 

Diameter of Pump Rod . . 4} 

Diameter of Suction Valves 8} 



ft. 





in. 



8i 



One set of Suction Valves (24) 
Diameter of Discharge ditto 
One set of ditto (24) 

Diameter of Injection PipeM (2). 9 
Diameter of Discharge Pipes (2) 2 



Condensers and Air-Pumps for DiRECT-AcrriNo Screw 
Engines. — ^The type of condenser now under notice is the 
ordinary kind, fitted with double-acting air-pumps, and in the 
place of a plunger, a piston is used, and a rod connects the same 
to that in the cylinder. 

With this arrangement of engine, or direct acting, every 
facility is available to arrange the condenser pumps and valves 
as compact as practicable, and this advantage is well represented 
by the following examples. 

Messrs. J. Penn and Son arrange the valves and pumps as 

D 2 
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illustrated by Fig. 32, on the preceding page. The condensing 
and discharge chambers are above the periphery of the pump. 
The suction valves are inverted at the side of the barrel, and 
those for the discharge are directly above, with upward action. 
The barrel is a tube cast midway of the length ; each set of 
valves are arranged to drain and discharge simultaneously — or 
when the front end set is draining the condenser, those at the 
opposite extremity are permitting the final discharge. The 
arrangement under notice is in duplicate portions, thus rendering 
each condenser, pump, and set of valves common only to the 
opposite engine. There are two practical advantages resulting 
from this ; first, a saving of patterns, and secondly, portability 
for erection. Further than this, another gain is effected, i.^., in 
the event of either engine being disabled, the one at work is 
not subject to both condensers, sets of valves, &c. 

A longitudinal section of the arrangement will show the 
valves arranged the entire length of the condenser, in sets of 
four and two rows, on each side of the central rib, supporting 
the barrel ; and this in principle relates also to the succeeding 
examples, where the valves occupy the length of the condenser. 

The exhaust steam enters each condenser at the top, or on 
the roof of the condensing chamber. The injection water is 
introduced at the side — fore and aft — directly below the roof, 
therefore an instantaneous effect is ensured. The discharge 
opening is nearly level with the bottom of the chamber over the 
pump. The doors for access to the suction valves are at the 
back and front of the chamber below the same ; those for the 
discharge valves are on the roof, near the central side or 
connection of the structure. 

Following next as the originators of well-arranged air-pumps 
and condensers are the well-known firm of Messrs. Humphrys 
and Tennant. They, unlike Messrs. Penn, prefer one con- 
densing chamber common to both cylinders, as shown by 
Fig. 33. The discharge chambers are on each side of the 
condenser, and both are sufficiently high above the pumps to 
enable a free passage for the water. At the back end of the 
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condenser the dischat^ chambers are connected by passives, 
and thus one discbarge pipe only is requisite. The suction 
ralves are inverted in the bottom of the condenser at an angle ; 
and the discharge valves, with a reverse action, are secured in 
the bottom of the discharge chambers. 

The v^ves are the flat kind, almost square in plan — the 
seating being perforated in the ordinary manner. The guards 
are twin-angular, and thus the valve rises and falls on each side 
of its connection. 

The exhaust steam enters the condenser at the front end. 




Nomiiul H.P. of Engino^ 400 



Diwnettr of Pma\t (2) . 
Unpli oTSUnke . . . 
Diameler of Pump KoJ 

SiuofVilTs . 9+7 iu 



One Kt of SncUan Valna (12) 
One set of Disctui^ ditto (12) 
Diameter of lojectioa Hipe 
UiBntetor of Ditchirge Pipe . 



below the roof, and the injection water directly opposite. The 
doors for access to the vaLves are at the sides and top of the 
respective chambers. 

The arrangement next worthy of notice is that by Messrs. 
J. and W. Dudgeon, represented by Pig. 34, on the next page. 
The central compartment is the discbarge chamber — common to 
both pumps — and the condensers are on each side of the same. 
The suction valves, of the disc kind, are inverted at an angle, as 
in the previous example, also the position of the discharge valves 
are similar. The exhaust steam enters the front of the con- 
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denser below the roof, and the injection water flows in at the 
sides, to render a vacuum certain. 

The doors, for internal access to the suction and discharge 
valves, are at the front, back, and sides of the chambers. The 
discharge opening is at the b^ck end, and directly below the 
roof, instead of the base of the chamber. 

If not in design, certainly in arrangement, the illustration 
depicted by Pig. 35 forms a striking similarity to that of 
Fig. 33. The situation of the condenser is the same, also the 

Fio. 3 k 




(6X 





eik.^ 



Dudgeon's Injection Condensers and DooUe- Acting Air-Pamps, for Single 
Piston Bod Direct-Acting Screw Engines, ased linoe the year 1864. 



Nominal H.P. of Engines, 150 

Diameter of Pumps (2) . . 1 

Length of Stroke .... 1 

Diameter of Pump Rod . . 

Diameter of Suction Valves . 



In. 

1 

10 

6i 



One set of Suction Valves (9) 
Diameter of Discharge Valves . 
One set of ditto (9) 

Diameter of Injection Pipes (2). 
Diameter of Discharge Pipe 



ft. in. 
6i 




1 



4 
3i 



discharge chamber, but the injectiom water is admitted at the 
sides — at the back end, rather than a central position. Both 
discharge chambers are connected at the back ends by a passage, 
and the discharge pipe is connected to the central opening. 

Injection Condensers for Eeturn-Action Engines. — ^The 
type of engines, in connection with the condensers now to be 
noticed, interfere with the arrangement of the pumps and valves 
to a considerable extent. The steam piston rods have to be 
prolonged at the sides of the condenser, and the guides must 
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be in close proximity. Certainly then, the authorities are to 
be commended for their different productions, each accomplish- 
ing the same result by dissension of opinion. As a proof of 
this, it must be remembered that each maker deals with the 
same evils common with the type of engine ; therefore, no 
chance for escape or obviation is possible. Now with " single 
piston rod direct-acting " and " trunk engines/' all makers of 
these examples can freely employ the most compact arrange- 
ment of condenser, &c., and thus the cylinders can be situated 
at the least possible space apart. 

Fig. 35. 




Modified Injection Condenser and Double-Acting Air-Pamps, for any cIrgb i-f 
Direct-Acting Engine, used since the year 1861. 



Nominal H.P. of Eneines, 60 
Diameter of Pamps (2) . 
Length of Stroke 
Diameter of Pump Rod . 
Diameter of Suction Valres. 



ft. tn. 




1 





8f 

2 

1 

4 



One set of Suction Valves (6) 
Diameter of Discharge Valres 
One set of ditto (6) 

Diameter of Injection Pipe , 
Diameter of Discharge Pipe . 



n. in. 

4 

2f 

6 



It being evident also that with all engines, whether marine 
or not, two compartments are essential to produce condensation, 
such as " condensing " and *' discharge " chambers, and that the 
former should be above the air-pumps, &c., the engineer has, 
therefore, to consider which chamber shall be centrally placed in 
the arrangement, or rather which shall be " fore *' or " aft " of 
the connecting and piston rods. In conjunction with this, 
attention has to be given to the transverse space required for 
the valves, and the fact also that the ** air-pumps " can be 
worked by the steam piston is often the cause of much trouble 
to obtain that connection for its motion. 
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This matter has resolved itself into three questions, as pre- 
liminaries: First, shall the condenser be between the inner 
piston rods of each engine, or beyond those outside the guides ? 
— the discharge chamber being, of course, similarly effected; 
secondly, shall both chambers be centrally placed ? and thirdly, 
shall the entire arrangement be outside, or fore and aft, of the 
rods ? and thus one air-pump and condenser be away from the 
other. 

Fio. 36. 




Mandslay's Injection Condensers and 
l'i«ton Rods Keturn-Acting Screw 

ft. In. 
Nominal H.P. of Engines, 900 
Diameter of Purops (2) ..22^ 
Length of Stroke .... 4 
Diameter of Pump Rod . . 3} 
Diameter of Suction Valves . lOf 



Double-Acting Air-Pamps, for Doable 
Engines, used since the year 1863. 

ft. in. 
One set of Suction Valves (17) 

Diameter of Discharge Valves . 10} 
One set of 'ditto (18) 

Diameter of Injection Pipes (2) 7 

Diameter of Discharge Pipes (2) 1 1{ 



No firm has devised more varied examples of the type of 
condenser under notice than Messrs. Maudslay, Sons, and 
Field, and their latest and best production is illustrated by 
Fig. 36. The air-pump's centre is within the periphery of the 
cylinder, and the entire arrangement of chambers, valves, and 
pumps, is outside the fore and aft piston rods. The condenser 
is of peculiar form — common to the requirements determined- — 
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altliougb the discharge chamber may almost be deemed aa 
intrusion in the former compartment. The suction valves are 
inverted above the pump, and those for the dischar^ are 
correctly arranged in the bottom of their respective chamber. 
The exhaust steam enters the condenser directly above the 
partition or roof of the discharge chamber, and the injection 
water is admitted near the roof of the condenser. Suitable 
doors are secured at the end of the structure to inspect or renew 
the valves : the dischai^e water, of course, passes out at the 
back end between the roof and base of its chamber. 

This distribution of the details is as compact an arrangement 




Moinlnal H.P. of EngitiH, 20 
Diameter of Pumge (2) . . 
Length of Streki 
DUmeter ar Pump Kod . 
Dixmeter of Suction VbIv» . 



Ooe Mt of Suction Viilres (5) 
DiuDel«r of Ditchiti-gE Valrtt . 
One Kt of ditto (S) 

Diameter of Injection Pipe . 



as almost possible, admitting the late improvements, and that 
too with the evidence that practice in the hull has not belied 
the theory founded in the drawing office. 

For engines of moderate power, or about 200 horse-power 
nominal collectively, Messrs. Maudslay adopt the arrange- 
ment illustrated by Fig. 37. In this example the suction valves 
are below the air-pump, and those for the discharge above. The 
condensing compartment is at the front of the arrangement, and 
extends for the entire length under the air-pumps. The dis- 
chai^e chamber is centrally situated between and above tlie 
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pumps. The exhaust steam is admitted at the front end, and 
the injection of water directly above. The discharge from the 
chamber is effected at the back end directly above the valves. 

It will be noticed that due attention has been directed, by 
the designers, to the accessibility to the valves — the doors, for 
that purpose, being above each set rather than at the side of 
each compartment. It is also apparent that, with this and the 
previous example, the steam piston £Uid air-pump rods are 
directly above each other, thus retaining a similar position for 
the pumps in relation to the cylinders, so that " arms" could 
be used if preferred, which is one of the important features in 
the sabject under notice. 




Ncminil H.P. oTEngints, S5D 
Diuii«t<rDrPuin|fl{2). . . 
Length of Stroke .... 
Dinmeter of Pump Rod . . . 
Diameter of SuctimVilTM. . 

Messrs. RavenhiU and Hodgson are next to be alluded to, in 
connection with the present subject. This firm for some time 
adopted the arrangement represented by Fig. 38. In this case 
the condensers are separate, centrally placed, and extend under 
the guides for the piston rods. Almost in a vertical line below 
the outside piston rod, the air-pump is situated, deriving its 
motion from the steam piston. The suction valves are level 
with the bottom of the pump at the side, and those for the 
discharge directly above. The discharge chambers are therefore 
outside the piston rods, and thus both compartments form — by 
their positions — a channel for the main parts of each engine. 
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The exhaust steam enters the charaber at the front end near 
the roof, and the injection water is admitted directly below at 
the opposite end. The doors for the various purposes are at 
the sides of their respective chambers, and thus the entire 
arrangement may be termed compact and efBcient. 

The correct position for the condenser is — as often before 
stated — above the air-pump, and the firm in question have duly 
recognised this by their arrangement depicted by Fig. 39. 
Here it will be noticed the suction and discharge valves are 
(Aove the pump, each set level with each other, and in reverse 
positions to those in the previous example. The chambers also 
are in contrary positions in relation to the piston rods and 
guides, but forming a similar channel. 




Nomiul H.P. of Engine*, 9I}( 
DiuneterofPum|»(2). . 
Laigli> of Stroke . . . 
IMsmrter of Pump Rod . . 
Dumeter of Sactioa Valves , 



3J 



ofSnction V»1tm ( SO) 



The condensers are fore and aft of the piston rods, in sepa- 
rate compartments common to each cylinder. The discharge 
chamber is centrally placed, or between the pumps over the 
same, and thus a single compartment is adopted in the place of 
duplications. 

The exhaust steam enters each condenser at the roof, near the 
front end, and the injection water valve is at the back end. 
The position of each air-pump in relation to the piston rods is 
almost central, rather than as the prior examples, but the great 
distance between the valves causes a great "wash" on each 
side of the pump. The discharge pipe is secured at the back 
end directly above the valves. The means for inspection is 
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provided for by doors, situated on the roof of the discharge 
chamber, and at the sides of each compartment below the 
condensers. 

Attention is next directed to the arrangement illustrated by 
Fig. 40. This is originated by the author, the principal aim 
being to adopt the advantages common with the condensers 
for direct-acting engines, and apply them to the return-acting 
types in an equally simple manner. 

It will be noticed that the condenser is a single compartment 
cU>ove the air pumps. The discharge chamber is under the 
condenser, between the pumps, and by this situation space is 




Nominal H.P. of Enginn, 200 
Diameur of Pump* (--' - - - 
Lmgth of Slruke .... 
DiHDteWr of PUtoo llod 
DiuMter of .Suction Vnlvea. 



21 

el 



I H 



economized. The guide channels are beyond the structure — 
being a reverse position to that adopted by the Messrs. 
Maudslay, shown by Fig. 36, on page 40. The exhaust steam 
is admitted for condensation below the roof of the chamber, at 
the front end, opposite to which is the injection valve. ITie 
position of the suction valves are similar to that m Fig. 32, on 
page 35, but the discharge valves are almost vertically secured 
iu the chamber — being unlike any of the previous examples 
alluded to. To ensure the air escaping on being dischai^ed at 
each stroke of the piston, " air valves " are secured above the 
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main valves. The discharge water passes out at the back end 
of the chamber. The doors for access to the suction valves are 
those of the air-pump barrel, and those for the discharge valves 
are at the back and front ends of the respective chambers. In 
some instances the suction valves have separate doors at the 
sides directly above the pumps. 

Eelative to the discharge of the air, our attention was per- 
tinently directed, as far back as the year 1860, to the fact that 
the complete discharge of the air and water from the condenser at 
each stroke of the pump must conduce to the better working of 
the latter, as well as maintaining a good vacuum in the former ; 

Fig. 41. 




y 



7 



DISCMARCE VALVES 



^SvK'K^aKcxCfiSK^siKJi^aviNMiffli- ;ii^.-v•v^:;vv ^^Cf ,^^>:I:s;^^,-.'■^n^^^l^^ k'\u>^^OfCNSM£i;>.Wv-ccjcc<K:CkSS&^ 



Longitudinal Sectional Elevation of Burgh's Water-fiilliug and Aii-foicing 
Condenser and Doable-Acting Plunger Air-Pumps, for Double Piston 
Rods Ketum-Acting .Screw Engines, applied in the year 18U2. 

and as our practice makes the acquaintance of all the best 
examples then and now in use, we could discern their defects 
and the causes, together with the advantages. This knowledge 
prompted the arrangement as illustrated by Figs. 41 and 42. 

The valves are all inverted over and under the pumps, so as 
to allow the water to fall from the condenser, and thence through 
the lower valves, and is next by the plungers forced from the 
lower chamber through the discharge pipe into the sea or river. 
Thus the water was discharged, but we had the air remaining, 
because it always rises to the surface of fluids when a disturb- 
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aoce occurs ; and to force out the air in the pump we put two 
valves, working upwards in casings, which are connected by a 
pipe that extends to the roof of the condenser ; from there a 
pipe led to the main water discharge opening iu the ship's side : 
thus the water passed away from, the base of the arrangement 
and the air from the roof. 

Besides the advantage of causing almost a perfect vacuum, 
this arrangement admitted that the steam cylinders could be 




TniiiTtm S«ctioiul EInatioD of Bargh't WaKx^ItU^ and 
Aii-lbrdiig Oiiiidai«- and Doable-Acting Plimger Air- 
Pumpt, for Double Piilon Roda Kftum-Acting Screw 
Enginn, afflM En the jnr 186^. 



Nomiod H.P. of Eaginra, 400 
IHBmFUr(tfPuiiip>(:i). . . 
L«igthcfStrok« . . . . 
Disimlw of PiBtDD Kod . . . 
Diameter of SuclionValre*. , 
One Ht of ditto («) 



Diameter of Discharge TiItm . 

One Ht of ditto (9; 

I DianiFtcr of InjwtionPipe . , i 
I DiBtneKr of Water Uitcherge ) 

Pii« f 

I DiUDelerofAirPip* . . . ■ 



brought as close together as their diameters allowed, as shown 
in dotted lines in Pig. 42 ; while also the condenser and pump 
casings were within the vertical centre line of each cylinder, a 
fact not obtainable by any other arrangement. 

In the year 18(i5 considerable agitation was in force amongst 
the Admiralty officials — and of course the marine engineering 
contractors felt the shock — as to the best means of adopting twin 
screw propellers. There was no doubt about their efficiency, 
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bat there was about the engines being put into a small space ; 
in fact, to occupy more room than those for the single adaption 
would have been considered a barrier to the success of the 




Borgb's IpjeetioD Condenaer aDd Double-Acting Air-PnmcM — oiie for ■ pair 
Screw Engioei, inveated ia the jtar ISS5. 



pair of cjlinder*— for Twi 



Hommil H.P. of Engines, 100 

Diameter at' Air-pump 

Depth of PillDn .... 



AreaofanewtorSactiniTilva 80 
Area of one »t of Ditcharge Valvw 9( 
Nnmber of raeb kind (6) n 

Diameter of Diuharge Pipe . 1 
Diam«teroflDJMtJ(HiFipffi(2) . < 




other. It happened therefore that designs were sent in from 
nil quarters, some with the condensers across midships, and 
others at the sides, the cylinders being reversely situated. 
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We amongst the rest did our best; and thus the ar- 
rangement illustrated by Fig. 43, on the preceding page, was 
originated, being based on the fact that the greatest weight in 
a ship should be on the keel, or " thereabouts." Consequently 
we put the condensers and pumps in the centre of the " ship " 
transversely, and the cylinders as near that as practicable, with the 
piston rods' guides beyond, and also the supplementary pumps. 

A very good arrangement of duplicate condenser and pumps 
was designed and constructed by Messrs. James Watt and Co., 



FiQ. 45. 




Watt's Injection Condenser and Air^Pumps for Horizontal Direct-Acting Screw 

Engines, constructed in the year 1 86B. 

Nominal H.P. of Engine* (2), 100 
ft In. 



Diameter of Air-Pump . , 10 
Length of Stroke .... 1 8 

Depth of Piston 4 

Diameter of Injection Pipe ..03 



Diameter of Water Diacharee ) ^ . . 

Pipe } ""•• 

Area of one set of Suction Valves 70 sq. in. 
Area of one set of Discharge Valves 72 



»» 



for twin screw engines, in the year 1866, as illustrated by 
Fig. 44 in transverse, and by Fig. 45 in longitudinal, sectional, 
and complete elevations. 

The condenser is in the centre of the structure in the 
above view, but in that preceding it is shown to extend to 
about seven inches from the discharge side, the remaining space 
forming the connecting passage of the two discharge chambers 
that are at the ends of the pump barrels, as seen in the longitudinal 
view. The sea injection pipe is shown in both the sectional 
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Views, and the bilge injection inlet in the complete elevation, 
where are also the valve-doors and discharge water-pipe shown. 

The arrangement of pumps and condenser shown below is for 
twin-screw engines also, by Messrs. Dudgeon. Each plunger is 



Fig. 45a. 




Dudgecm's Plunger- Pomps and CondeDser for Inverted Angular Twin-Screw 
Direct- Acting Engines, constructed in the year 1869, 

worked by a connecting rod on the main crank pin, on each 
side: the condenser is between the pumps, and the discharge 
chambers directly over them : the suction valves are vertically 
situated, and those for the discharge horizontally. 



E 



THE CONDENSATION OF STEAM 



CHAPTER V. 

TCBUI.AR ARRANGEMENTS FOR SURFACE CONDENSATION 
PRACTICALLY CONSIDERED. 

Forms and Arrangements op Tubes. — Although it had been 
proved nearly forty years ago that a straight tube and the 
steam passing mce through it was the simplest and best method 
possible for surface condensation, yet inventors raised new-fangled 
ideas to the contrary, and patented them too, to substantiate, 
if possible, certain novelties, in spite of their uselessness. 

Amongst the novelties that were thrust into notice was the 
arrangement shown by Fig. 46, being an end sectional elevation 
of two sets of spiral tubes, through 
which steam or water is drawn by 
pumps, according whether inside 
or outside condensation was used : 
this had the very practical error 
of not being available to be 
cleansed inside without entire 
disconnection, and consequently 
soon became a paper scheme only. 
But that did not hinder a 
Mr. Selby from patenting the 
corkscrew tube, as shown by 
Fig. 47, which is more difficult 
to " clean out " than the former : 
in fact, if it became nearly choked it became worthlesa 

Of coarse it is admitted and understood that an excess of 
surface was the main consideration in those cases, but when 
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that was at the sacrifice of cleansing and repair, the idea became 
useless in practice. 

Two years before the last date, no less a person than Mr. 
James Jack, of Liverpool, came before the public with his two 
notions of surface condensation. His first, as shown by Fig. 48, 

Fio. 47. 

-mmmmmm- 

Sribj'i Corkicnw Tuhe Tor Surface Condeimtion, patented in th* 




Jack'* Perfbrated Pl«te for tba Water to 
Tubtt, )«teDled in Uw fear I860, 

Fio. 49. 




Jack's Syphon Tube* for SurOux Condnmlion, patented in the jear 1862. 

was to use Hall's old perforated plate, which we have shown 
by Fig. 5, on page 9, and to patent it also, terming it " his 
improved perforated attachment, through which the water is 
allowed to fall on horizontal tubes." His second claim was as 
illustrated by Fig, 49, in which the tubes are syphons, and 
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therefore require only one plate to secure them to : there was 
some novelty in this, but it had the objection of difficult 
cleansing inside, particularly the narrowest syhpon tube. 

Directly after, in the same year, 1862, Mr. Allibon and his 
friend, Mr. Snell, conceived the arrangement as shown by 




Alliban'i ArtiuigCDHnt of SyphOD 

TobM Mid Ch»mtier« for Surfme 
CoodeDUtion, patnlcd id the jtn 




Fig. 50. In this case Mr. Jack's syphon tubes were copied and 
applied to convey the steam from one chamber into another, 
until the process of condensation was sufficiently accomplished. 

The next example of complications we refer to is by an 
American inventor, a Mr. Miller. This surface condenser is 
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illustrated by Fig. 51. The outer tubes are secured at one 

end only, which end is inserted into the plate, the other 

end of the said tubes being closed in sockets, as shown ; those 

closed ends are free to more endwise in the Eockets, so 

that the tubes may expand and contract under variations of 

temperature, while the free circulation of the water within the 

tubes is ensured by the arrangement therein of the inner 

tubes. These small tubes are placed inside the large tubes, and 

have their ends secured in the top plate ; and it will be seen that 

these inner tubes extend nearly to the 

free end of the outer tubes, where they 

are supported by pins, which do not 

impede the circulation of the water 

through the tubes. The water enters 

the condenser at the top, and flows 

through the inner tubes, and returns 

through the outer tubes, and aiiter 

absorbing the heat from the steam is 

dischai^^ from the condenser by the 

discharge pipe, situated on one side 

under the small-tube plate. The steam 

on entering, passes up between the outer 

tubes over the top of the partition 

plate, and then passes down among 

the tubes to the discbarge opening, 

through which the products of con- , 

densation leave the condenser. As only 

one end of the tubes is fixed and the 

other end free, no packing is required, 

and there will be uo leaking of the joints or other injury to 

the condenser by the expansion or contraction of the tubes. 

In the same year Mr. Rowan came forward with an excellent 
arrangement for a vertical circular surface condenser, aa 
illustrated by Fig. 52. He employed Hall's " inside" traverse 
for the steam, but by plates — through which the tubes passed, 
between the tube plates— 'mechanically circulated the water 
around the tubes. 




-cvlar Surlier CoDdtii-« 
1 pASSiig direct throii|; 
Ihe Tubes, and the Water ni«<hi 
iiicslly i:irculBtiiig nmnnd tlim 
pntniinl in the jiuir 1869. 
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Retracing our steps a little, we direct attention to the now 
universal English arrangement, which was introduced about the 
year 1865, and has since become a special faTOurite by all the 
leading marine engineers of Great Britain. This is illustrated 
in sectional elevation by Fig. 53, and is arranged for either 
inside or outside condensation. The connection, or jointing, of 
the separate portions are much to be commended, it being a 
really " good job," taking' into consideration access for inspec- 
tion, cleaning, repair, and economical construction. 
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CHAPTER VI. 

TUBE PACKINGS FOR SURFACE CONDENSATION 
PRACTICALLY CONSIDERED. 

Screwed Tubes and Gland Packings. — When Hall began to 
introduce his system of surface condensation, no little trouble 
was found in packing the tubes. His fio.54. 

first attempt is shown by Fig. 4, on 
page 8 : in that case he used nuts on 
the tube inside and outside the plate, and 
conicaUy recessed the latter in the hole 
to receive the packing ; that was, how- 
ever, double duty to accomplish a single Screwed Tube and Gland PackiAg, 
., - it' '11 ^/^j adapted generaJly since the year 

purpose, the contrast bemg illustrated — 




1840. 



Fio. 55. 



by Fig, 54, to prove our remark. Here 
the tube is screwed with the gland 
on it, as a nut, and a parallel recess 
formed in the plate to receive the pack- 
ing, so that the " under " nut, as Hall 
used, is not required. 

Fifteen years after this an American, 
named Stimers, introduced his idea for 
screwed tubes, as illustrated by Fig. 55 : 
this was very simple indeed, being but 
a screwed connection with one plate 
and none with the other, and the top 
of the tube was slotted to use that end 
as a screw. We need scarcely remark that this idea failed in toto, 
and serves but as warning to young engineers. 




Stimeis' Screwed Tube, in the Pkte 
at one end and loose in the other, 
patented in the year 1865. 
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No later than the year 1869, a Mr. Bennett patented the 
arrangement of a screwed nozzle packing, as shown by Fig. 56, 
y„ f,^ in combination with an indtarubber 

tube plate in the place of an ordinary 
brass one. This was reversing the appli- 
cation of the materials, and Mr. Ben- 
nett claimed that there would be an 
advantage in doing so, for he stated 
" tliat the elasticity of the tube plate 
would permit the expansion and con- 
traction of the tube without affecting 
the joint," the other end of which he 
screwed into the metal plate as Stimers 
had done previously. 

Plain Tdbes and Self- Acting 
Packing. — When Hall introduced 
Hcking, his gland packing, as illustrated by 
Fig. 7, on page 10, he did a "good 
^^ "'"'■ thing " for the promotion of surface 

condensation ; and about thirteen years ago, Mr. Spencer, the 
well-known advocate for the system, tried to improve on it by 
an arrangement of self-acting packing, as illustrated by Fig. 57, 
on the left hand, which was the most economical means known. 




BeoDMt'i Scnwfd Noule 
with Wuhrr utd Not to 
Indiai-ubUr PUle, painted ii 




it being simply two square section rings of indiarubber forced 
into the recess in the plate around the tube, and as the circulating 
water passed through the tubes it pressed on the packing also, 
and caused the joint to be tight. Very lately a Mr. Marshall 
])atented the packing shown on the right hand, which is a split 
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ring of indiarubber, instead of two solid rings as Spencer uses. 
We may add those methods were all "very well" while the 
packings were elastic ; but directly they became dry and hard a 
leakage occurred, which was as provoking as disastrous. 

Another selt^tiug ring-packing is shown by Fig. 58, which 
consists of a nozzle screwed into the plate for each tube, and the 
ring contained in a recess in the nozzle. 

To "pack the tube" the ring is first put in the recess, the 
nozzle is then screwed "up;" next the tube has a metal cone- 

Fio. SB 




inf. ii«lent*d in the jmt 1861. 



piece put in its end, which enables the tube to pass through tlie 
ring readily, and by taking the cone away the joint is made. 
This is the simplest method for " ring-packing," as far as labour 
of pacldug is concerned, we know of ; but the manufacture to 
arrive at that stage is very expensive ; indeed, sufficient to 
nearly condemn the application. 

Now if reliance can be put in the continuance of the elasticity 
of indiarubber, or its equivalent compound, the illustration. 
Fig. 59, is the simplest self-acting packing arrangement before 
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US, becaose the hole in the plate is a plain one — " right through 
alike " — without receBsing or screwing, and therefore lahour is 
reduced to the smalleat limit. This was patented by a Mr. Fur- 
longe in the year 1851, but has not yet received much favour 
by the makers and workers of surface condensers. 

At the end of the year 1866 a Mr. Horn introduced a novel 
kind of tube packing, as shown by Fig, 60, which was 
originated by a Mr. Allen, in America, about one year before. 

Here wood was used, in the place of metal, indiambber, or 
cotton, b} smiply making it in short tubes, or long rings, and 




Moni'i Wood S«lr-ActiDg Tub« Picking, inlrodund in the jar 



forcing them into smaller holes than their original diameters, 
the proportion being about -^^ inch less for each \ inch of the 
tube's diameter. As for example, for a f inch tube outside, the 
hole in the plate would be -f4 inch diameter, but the wood 
packing normally is 1^ inch in diameter, and when fitted 
in, swells at the extremities as represented, and tightens inside 
and outside at the same time. 

Plain Tubsb and Plate Packing. — This class of packing 
consists chiefly in the economy of labour in " screwing-op " the 
glands, or compressing the packing of any number of tubes, 
at once rather than each separately. 
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Mr. Macnab, in the year 1860, patented his ideas on this 
subject, as shown by Fig. 61, On the left hand a single tube is 
shown as packed by an indiarubber and metal washers, and on 
the right hand two tubes packed with ferrules, as an addition to 
the other, are illustrated. 

Via. 61. 

I /^ '^ r^ -^ ' 




Uunab'i WHber Tube Pocking, u Men in plui, {latmtfd in 



Another method is shown by Fig. 62. In this case flanged- 
ring washers were used, which covered the ends of the tubes a.s 
well as surrounded them, but what is accompHshed by such an 
arrangement is not yet known. 

As to the worst position of the tubes relatively with the pack- 
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ings proposed, Mr. Macnab seemed to have been in a state of 
happy ignorance, wliich fact is illustrated by Fig. 63, where it 
can be seen that in the aggregate there are required a stud, 
nut, and washer, with each tube-packing, and those details keep 
the tubes farther apart than would otherwise occur. 

About this time a Mr. Sewell patented a plat« packing, as 
shown by Fig. 64. This arrangement required a separate metal 
plate, formed with holes and recesses of the same "pitch" as 
the tubes, and also a sheet of indiarubber similarly perforated. 

Fio.6*. 




ScweH'i Plate Tube Picking, psteiitfj m> Uia yenr IStiO. 

The method of applying those details is this: the indiarubber 
plate is put on the tubes and pressed around them, until they 
protrude ; the metal plate is put in position, and the nuts on the 
set studs " screw up " the plate, and thus compress the india- 
rubber sufficiently to make all the tube joints perfect at the 
same moment. The advantage with this is merely in the latter 
attainment, because in the case of repair or renewal the outer 
plate must be removed, even for a single tube. This arrange- 
ment has gained much favour in England and America, vn 
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account of the focility for packing all the tubes at once, and 
thus economising the time and labour of the contractors. 

In our memorable Exhibition year, 1862, a French gentleman, 
named M. de Normandy, patented the metliod of plate packing 
as illustrated by Fig. 65. This was the application of a 
plate as Sewell's, but instead of a single plate of indiarubber, 
separate rings of that material were used on the ends of the 
tubes, and they were compressed as shown to make the joints 
perfect by the bolts and nuts. 

The American engineers about this period tried various 





methods of tube packing, which were nearly all on the 
" Sewell " plan, i.e., a set plate, termed a " follower," and in 
the place of the single plate of indiarubber, rings were used, 
and plain glands, or the follower was in portions rather than a 
single plate. After various contrivances the arrangement 
shown by Fig. 66 was introduced, which is the simplest, and 
equally effective. Here the tube plate was drilled for the 
tubes and recessed for the packing, that being merely rings of 
indiarubber, on which the set plate acted : this was used with 
auccess, and soon became popular. 
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Screwed Gland Tube Packing. — Although this has been 
referred to on page 10, we have thought it worthy of an ex- 
tended notice, an it is the most practically eafe packing yet 
known, and is now universally used in our royal and mercantile 
navies as the most endurable and the best. 

The late Edward Humphrys used this packing extensively, 
and in the year 1862 he stated his experience. The proportions 
he used are illustrated by Fig. 67. Speaking of a marine 
condenser he had tried for some time successfully, he said : — 

"Each condenser contains 1178 seamless drawn pure copper 
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tubes, 4 inch outside diameter and No. 18 wire-gpiage or -05 
inch thick, 5 feet 10 inches long, weighing 28 ozs. each tube, 
and fixed at 1 inch pitch from centre to centre. The tube plates 
are of cast gun-metal ^ inch thick. These are first set as fiat as 
possible, and the tube holes marked out upon them. The holes 
are then drilled under a common drilling machine with a drill 
of two diameters, having a guard upon it to fix the depth to 
which the larger diameter shall penetrate the plate. One 
machine worked by an ordinary driller drilled the 1178 holes in 
the tube plate in 70 hours. The tapping of the holes is then 
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proceeded with, and is effected with a tap, having a parallel end 
to guide it, which fits the smaller diameter of the tube holes. 
One man of ordinary skill tapped the 1178 holes in the plate in 
70 hours. After having been drilled and tapped, the tube plate 
is again set perfectly flat on a surface plate, and then both sides 
are faced off in a lathe or planing machine." 

The screwed glands, for securing the packing at the ends of 
the tubes, are made from Muntz metal solid-rolled tubes, which 
are obtained in lengths of about five feet, rolled to gauge both 
inside and outside ; the inside diameter is exactly that of the 
outside of the copper tubes, namely f inch, and the outside 
diameter is such that when screwed it will exactly fit the tapped 
holes in the tube plates. It is screwed on the outside as it 
comes from the maker in a common screwing machine, and is 
then cut by a circular saw into half-inch lengths to form the 
glands. The saw marks are taken off the ends by a facing 
cutter revolving on a lathe, and the same operation clears out 
the inside of the hole. The notch for the screwdriver is cut by 
passing a number of the glands, when screwed into a plate, 
under a revolving circular saw of the required thickness. The 
packing is composed of linen tape,- a piece of this tape 12 
inches long, ^ inch wide, is wound round a mandril, the ends 
and edges being slightly stitched, in which state it is readily 
put into the tapped holes of the tube plate, and when screwed 
down by the gland forms a very perfect and lasting joint. The 
thickness of the tape is such that 1300 of these packings weigh 
about 2 lbs. 
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CHAPTER Vir 

SURFACE OONDENHERS PO^ PADDLE-WHEEL ENGINES 
PRACTIOALLY CONSIDERED. 

We commence this chapter with the notice of an arrange- 
ment that was copied from the old method of working the feed 
and hilge pumps hy levers or projections from the cylinder, the 
copier being a Mr. Davison, and his moflification is illustrated 
by Fig. 68, which consists of the pumps being worked as 
described, with a condenser for each cylinder, situated in the 
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"wing" of tlie engine-room. We may add that the piston 
rods of the engine cylinders were guided over the covers to 
resist the strain incurred by the pump's actions. 

Very soon after this Messrs. James Watt constructed engines 
and condensers, as shown in sectiuniil elevation and complete 
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plan by Figs. 69 and 70. The motions for the pumps were 
taken from the trunnions, by levers which connect to the block 
pins in the loops of the rods. As this is a very novel arrange- 
ment and has succeeded well, we add the following particulars 
of the complete arrangement. The condenser is fitted with 
2,407 tubes, each 6 feet long and i inch inside diameter. The 
circulating and air pumps are each 18 inches in diameter, and 

Fio. 69. 




Watt's AiTftngement of Surface CoDdensers and Pumps for Oscillating Paddle-Wbeel Engines, 

constiiicted in the year 1866. 

the stroke the same in length. The arm secured on the cylinder 
gudgeon imparts motion to the rod connected to each pump, 
and the slot added to the rod prevents the vibration curve, or 
versed sine, affecting the motion. The rods are guided fore and 
aft of the centre of motion by brackets each 4 inches long, 
secured to the lower frames. The arm clasps the rod by a 
double eye, the brasses being sustained in the slot, and the 
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connecting pin 3 inches in diameter is of the usual kind. Each 
rod is 2^ inches in diameter, and 4 feet 5^ inches long, from the 
connecting socket, the length of which is 6^ inches, and its 
diameter 4 inches. The length of the arm, between centres, is 



o 




i feet 5^ inches, therefore the versed sine of the arc of motion 
= 1'4 inches. The length of the working barrel or plunger of 
the pump is 1 foot 11 inches, and the depth of the packing 
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groove 4 inches. The exhaust steam pipe, 11 inches internal 
diameter, is connected to the top of the condenser. Opposite to 
which connection an injection pipe is secured, perforated all 
round ; the diameter of the pipe at the flange is 4 inches and at 
the extremity 2^ inches, the length being 2 feet 6 inches. This 
pipe is of course only used when the tubes are out of order or 
the injection system of condensation preferred. The length of 
the condenser in the present view is 3 feet 9 inches, and the 
height 7 feet 9^ inches. 

Thus far the elevation is understood, and the plan must 
next engage attention. This view is represented by Fig. 70. 
The link motion and starting gear is the peculiar kind 
which Messrs. Watt introduced about fifteen years ago. The 
gear consists of a sliding crosshead, guided at each end, and 
connected beyond the guides by rods to the links : the crosshead 
is worked forth and back by a screw passing through it, that is 
supported at each end between the guides. The securing of the 
links in any position is attained by the screw being surrounded 
by two set blocks, in the crosshead, that are set or released by a 
set-screw and wheel-handle. 

The diameter of each of the cylinders is 3 feet 7 J inches, and 
the length of the stroke of piston 4 feet, equal to 120 horse- 
power nominal collectively. The distance between the centres of 
the cylinders is 8 feet 4 inches, and that for the pumps 1 foot 10 
inches. It will thus be understood that the pumps are situated 
centrally of the width of the condenser : it is almost needless to 
add that, only two pumps are adopted — one exhaust steam 
gudgeon imparting motion to the circulating pump and the 
other to that for draining the condenser. The suction and 
discharge valves are suitably placed, and doors respectively 
secured, for access, inspection, and repair. The extreme width 
of the condenser, transversely of the hull, is 8 feet lOJ inches. 

In the year 1863, the firm of Messrs. Day and Co. patented 
the arrangement as shown by Fig. 71, on the next page. This 
illustration shows the plan half in section half complete. The 
elevations are shown also complete and in section : the internal 

F 2 
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portion relating to the pumps only. The plan represents the 
condensers beyond each steam cyhader, near the sides of the 
hull, the pmnpa being centrally situated as for the injection 
system. The steam, it will be seen, enters the cylinders through 




the inner truunions, and discharges through those on the 
extreme sides of the arrangement, and thence to the condensers. 
The pipes and stop valves are suitably arranged in connection 
with the pumps, condenser, and the sides of the hull. The 
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complete elevation shows one condenser, — the tubes being 
dotted — the discharge and supply pipes, air vessels, and pumps, 
also the entablature and steam cylinder. The sectional ele- 
vation represents each pump in section, also the discharge 
chambers, and the vertical stop valve boxes complete. 

The motion for the pumps is derived from the intermediate 
cranked shaft, or eccentrics can be adopted if preferred. The 
action of the pumps is as follows : the air pump is on the same 
side of the centre line as the condensers, or between the same. 
The steam enters the condenser at the top of the tube compart- 
ment — ^the connection is seen in the elevation — after passing 
through the tubes the condensed steam passes through the 
passage — seen in section in plan — to the air pump : the arrange- 
ment of the valves being shown in the sectional elevation. 
The discharge is effected into the chamber over the pump, and 
thence into the sea, if requisite, by the pipes connected to the 
ship's side : but generally into the boilers. If separate or feed 
pumps are adopted, they are connected to the opening shown in 
the bottom of the discharge chamber. The circulating pump is 
situated opposite to that last alluded to, the connection with the 
discharge chambers and arrangement of the valves being also 
similar. The sea water flows into the upper portion of the 
condenser ; through the pipe shown in the plan and elevation ; 
the drainage being through the pipes, also seen in the plan and 
elevation. The arrows shown in the elevation, indicate the line 
of the water's circuit through the condenser. The final dis- 
charge is effected through the discharge pipes, over the pump, 
connected to the ship's side. 

In the event of fracture or leakage of the condensing tubes, 
or the conversion of the surface into an injection condenser, it is 
thus occasioned. The stop valves for regulating the circulating 
water connected to the pipes leading from the condenser are 
closed — as shown in section in plan. Injection water is admitted 
through the cock or valve — shown in plan and elevation — con- 
nected to the condenser above the tubes. This water meeting 
the steam from the trunnions, condensation occui's, and the air 
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pump drains and discbarges as before. A comnmnication witb 
the circulating pump is eflFected by the removal of the internal 
door — shown in the sectional elevation — at the side of the air 
pump near the foot valve. By tliis reverse adoption of the 
several passages, both pumps perform the same duty, and the 
system of condensation altered accordingly. The utility of the 
remaining stop valves is so obvious that a notice of them is 
unnecessary. 

This arrangement is novel and efficacious, but at the same 
time wanting perfection of situation for the pumps, in relation 
to the condenser. It will be remembered that the former are at 
the centre of the hull, but the latter at the sides of the same. 
Now with engines of moderate power this arrangement may not 
be deemed objectionable, but in large engines the distance 
between the suction valves and the condenser will always lower 
their action, to say nothing of the *' back-wash *' always under 
the condensing tubes. A partial remedy for this can be caused 
by putting a second set of valves vertically, secured near 
the condensers in the passages leading from the same to the 
pumps. 

The firm in question have fitted the mail steamer ^ Syria," 
belonging to the P. & 0. Company, with engines and condensers 
as those illustrated in the year 1866. 

The collective nominal horse power is 450, and the diameter 
of each cylinder 76 inches, with a length of stroke of 7 feet. 
The surface condensers have been very successful, producing a 
vacuum of 27*6 inches, with a temperature of 130** Fahr. for 
the feed water, which is a good attainment. 

Messrs. J. and G. Bennie al)out the same time fitted' the 
" Nyanza," a sister mail steamer to the " Syria," belonging to 
the same Company, with surface condensers and oscillating 
paddle engines. The condensers are arranged in the side wings 
of the engine room, and the air pumps centrally of the engines, 
as for the ordinary injection condensers — which latter are fitted 
also in the case of requirement. In the place of a crank on the 
intermediate shaft, the firm in question preferred eccentrics of a 
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throw of 1 foot 4J inches to impart motion to the air pumps, 
each pump being 3 feet 10^ inches in diameter. To accomplish 
this, the eccentrics are each 5 feet 2 inches diameter, the in- 
termediate shaft being at that part 22 inches diameter. The 
eccentrics are doubtless the largest yet constructed. The surface 
condensers are tubular, both containing 8,700 tubes ; each tube 
is -j^ of an inch in diameter ; the total lineal length being 
43,000 feet. The engines are 450 horse power nominal 
collectively, the cooling surface of the condensers are therefore 
14' 06 square feet per nominal horse power. The diameter of 
each steam cylinder is 6 feet 6 -^ inches, and the length of 
stroke for the piston 7 feet. The diameter of the steel piston 
rods are 9 1 inches, and the crank shaft at bearings 18 inches. 
The paddle wheels are 27 feet diameter, with feathering floats 
each 10 feet long and 4 feet 6 inches wide. 

With a mean pressure of steam at 25*625 lbs. on the square 
inch, vacuum 26*125 lbs., the engines attained 24*875 revolutions 
per minute, producing 2,600 horse power collectively, and pro- 
pelled the vessel 13*5 knots per hour. 

The circulating water is forced through the condenser, b}'^ 
centrifugal pumps and separate high-speed engines. 
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CHAPTEE VTII. 

SURFACE CONDENSERS FOR INVERTED VERTICAL DIRECT-ACTING 
SCREW ENGINES, PRACTICALLY CONSIDERED. 

The first example we direct attention to is by Mr. Macnab, and 
was arranged by him in the year 1866, as illustrated by Fig. 72, 
which consists of six different views. The end and side sectional 
elevations with the half-complete view are at the top, and below 
is the plan half in section and complete, with a side sectional 
elevation and plan of the condenser, and a detailed view of the 
tube packing. 

The surface condenser is in this case a rectangular structure, 
represented in transverse vertical and horizontal sections ; it is 
provided with horizontal tubes arranged transversely in groups, 
for the passage of the condensing water, and is placed at one 
side of the cylinders and midway between them longitudinally 
as close as possible. 

There are two air pumps, also two circulating pumps lor 
forcing the sea-water current through the condenser tubes ; an 
air pump and a circulating pump being placed on each side of 
the condenser. These pumps are single-acting, their buckets 
having trunks, acting vertically, being worked by beams or 
levers actuated by the piston rod, cross heads, and cross pins. 
One beam or double lever on each side works two pumps, and 
is also provided with pins for working a feed and bilge pump. 

The condensed steam flows to the air pumps by channels 
formed in the bottom of the condenser. The air pump bucket 
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does not rise to the top of its barrel ; therefore a little water is 
always retaioed above it to keep it tight whilst the discharge 
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takes place into the hot well, whicii is open to the atmosphere, 
and from which the feed pump takes the supply for the boiler. 
Practical means are sliown for imparting additional heat to 
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the feed water prior to its entering the boilers, in this way : the 
two feed pipes are carried up to a casing, forming the top of the 
main condenser casing, which is provided with horizontal tubes 
that are arranged at right angles to the main condenser tubes. 
The feed water circulates by directing partitions in the end 
spaces, thereby causing it to traverse these tubes backwards and 
forwards, for the purpose of taking up heat from the new steam, 
which crosses the tubes on its way into the main condenser casing. 
The feed water passes on to the boiler by pipes connected to the 
casing, as showd in the elevation and plan. 

Each circulating pump is placed outside of or beyond the 
respective air pump, and receives the sea water through a pipe 
communicating with the vessel's side. The sea water enters the 
condenser from the pumps by passages, in connection with 
spaces, that are formed in the pumps, to act as air vessels. 
Valves may be applied in those passages or immediately above 
the pumps. The passages communicate also with spaces 
between the tube plates and covers of the condenser, which 
spaces are separated by directing partitions, which cause the 
currents to traverse the successive groups of the tubes in opposite 
directions, finally leaving the condenser by the outlets. The 
condenser is further provided with a flanged duplex inlet for sea 
water, and with an outlet for the condensed steam, by means of 
which the donkey or auxiliary feed engine of the ship may be 
made to act upon or clear out the condenser, and keep it in 
working condition independently of the main engines. 

Mr. Davison, that we referred to before, has also exercised his 
ideas in this direction as shown by Fig. 73, which illustrates in 
elevation, transverse and longitudinal sections of the condenser 
and pumps. In the place of the ordinary piston rod lever and 
vertical motion for the pumps, a horizontal motion is preferred, 
that is derived from an eccentric fixed on the crank, and thus 
the stroke is one-half of that of the engine piston. By this 
arrangement the air and circulating pumps are on one side, and 
those for the feed and bilge on the other, of the crank shaft. 

The circulating water is forced direct through the lubes. 
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while the steam is condensed around them, making thereby a 
simple and accessible arrangement. 

Mr. Davison also extended his powers of invention to the 
cleaning of the ontsides of the tubes by a moveable perforated 
plate, which could be shifted forward and backward so as to 
scrape them. We should have illustrated it, were it not evident 
to any engineer that the method becomes useless from the 
fact, that if the plate fitted properly it could not be moved 
readily ; and if it did not fit the upper half of each tube only 
would be scraped. 




tn the year 3862 Mr, John Frederick Spencer, the well- 
known advocate of surface condensation, patented his arrange- 
ment as illustrated by Fig. 74, on the next page, which represents 
two inverted steam cyhnders, resting on, and attached to a 
central surface condenser, and four wrought-iron columns, the 
columns and condenser also resting on, and being attached to 
the sole plate of the entire arrangement. 

The main piston rods are secured above to the main piston in 
the usual way, and below, as shown, to the cross head, which 
latter has in its centre the necessary gudgeons for the upper 
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joint of the main connecting rod. The cross head is extended 
each way to receive the bucket and plunger rods of two com- 
bined air and circulating wat«r pumps, one feed pump, and one 
bilge pump. 

The main piston rods and cross head are guided by two 
wrought-iron guide blocks, attached to the cross head, and 
working on the cast-iron guide frame, which latter is bolted to 
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the surface condenser ;. thus the whole thrust of the connecting 
rod is taken by tlie main framing of the engines. 

The combined air and circulating water pumps are secured to 
the sole plate by flanges and bolts as usual, and in such a 
position as to keep tlie top of the pump barrel nearly or quite 
below tlie bottom ol the condenser. The upper portions of the 
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corabined pumps act as the air pump, and each air pump has its 
own set of inlet and delivery valves. The hot wells are on one 
side only of the crank shaft, and are contained in the two 
hollow cast-iron legs that support one end or side of the surface 
condenser, there being four of such legs forming the support 
and attachment to the sole plate. The air pump on one side 
delivers the air and condensed water through the passage across 
the crank shaft into the hot well on the other side. The 
circulating water pumps are formed by the lower or bottom 
portion of the combined pumps, and there is only one set of 
valves to the two pumps attached to the same cross head, and 
these valves are in the respective legs of the surface condenser, 
occupying a similar position to the hot well in the other side. 
Two sets of these valves, with combined pump barrels and part 
of the sole plate, are shown in section with the delivery passage 
leading to the condenser tubes and inlet passage for the circulating 
water to pass through the tubes. 

The daring deeds and hair-breadth escapes of the S. S. " Ala- 
bama," N. A., are of course as vivid as ever in the political world, 
and to be connected with that ship honourably, in any way, 
claims popularity. Such becomes the firm of Messrs. Watt, 
who constructed the boilers and engines of the steam-yacht 
" Deerhound," that saved the captain of the *' Alabama " when 
she sank, after her last naval war engagement. 

The pumps and water tank are illustrated in sectional elevation 
by Fig. 75, on the next page, and show a very convenient and 
duplicate arrangement: the pistons receive their motion from 
two levers, worked from the cross heads of the piston rods of the 
inverted vertical screw engines that drive the screw propeller. 

The condenser is of simple construction and arrangement, as 
illustrated by Fig. 76, on the next page. The casing is of copper, 
made cylindrical, with the steam surrounding the tubes, and the 
circulating water passing through three groups or sets of them, 
as shown by the arrows of indication. 

To understand the relation of the two preceding views, the 
illustration. Fig. 77, on page 79, is introduced, which represents 
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the plan of the condenser, pumps, and pipes, and shows their 
position in the hull when in working order. 

Our last illustration in this chapter is represented hy Fig. 78, 





which is an end sectional elevation of the air pump and con- 
denser on the left hand, and on the right a side or front 
sectional view of the condenser and valves, as fitted by the late 
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Mr, E. Humphrys, in two Indian steamers, where he faithfully 
carried out "Hall's" system, by arranging that the steam 
should pass direct through vertical tubes, and the circulating 





water pass around them ; which was caused in this case by a 
centrifugal pump driven by a separate engine. 
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CHAPTEE IX. 

SURFACE CONDENSERS FOR HORIZONTAL DIRECT-ACTING SCREW- 
PROPELLER ENGINES, PRACTICALLY CONSIDERED. 

With engines of this class, the engineer has free scope to 
exercise his talents for practical and effectual designing, because 
the cranked shaft, connecting and piston rods, and cylinders are 
situated opposite the condensers, or — ^as may be expressed — 
'* away from them." 

The arrangement of the tubes can be either vertical, hori- 
zontal, or angular ; the first applies to circular condensers 
chiefly, and the two latter to square or rectangular shells ; but 
in any case the allotted room in the hull will settle — to a great 
extent — the position of the tubes. 

About ten years ago the marine-engine contractors for our 
Government were *' called upon" to fit surface condensers with 
their engines ; and the lead was taken by Messrs, Penn for the 
direct-acting class. This is illustrated by Fig. 79 on the next 
page, in transverse sectional and complete views. 

The tubes are horizontally arranged, above the pumps, the 
steam surrounding them within the compartment ; the pumps 
being near the centre of the arrangement. The suction valves 
are below the barrel, at the side, and those for the discharge are 
directly above. The passage for tlie circulating water is thus. 
On the water entering at the central back opening, it is forced 
— by the pump's piston — through the central end of the first 
tier of tubes, and on reaching the opposite extremity it rises 
and enters the top set ; the final discharge being through the 
upper opening at the back end of the structure. 
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The exhaust steam enters the compartment at the front end, 
and after being condensed, falls to where the air pump suction 
valvee) are inverted. The discharge valves are also on the same 
level, the discharge chamber being at the side of the pumps. 

It will be noticed that onli/ two pumps are shown in the 
illustration, although both circulating and air pumps are 
requisite for each condenser. This is effected by using one 
end of each pump for circnlattng, and that opposite for the 
discharge of the condensed steam. Each pump ia therefore 
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single acting, for the separate duties, but double acting in 
arrangement. 

The pistons of the pumps are the ordinary disc kind, and the 
rods are connected directly to the trunk pistons of the engines. 
The condenser compartments are accessible by the removal of 
the doors — suitably arranged ; while the tubes can be readily 
cleansed internally, or renewed when requisite. 

The relative position of the tubes with the line of keel in 



82 THE CONDENSATION OF STEAM 

parallel with the same — ^the access for cleansing and repairs 
being, therefore, fore and aft of the condensers. 

But Messrs, Penn did not confine their ideas of arrangement 
to the example illustrated. In some instances they adopt 
a vertical position for the tubes. The condensers are cylin- 
drical, the tubes being concentrically arranged — to form a space, 
centrally, for the admission of the exhaust steam pipe. This 
latter detail is perforated at the extremity by parallel openings 
to ensure a ready distribution. The steam surrounds the tubes 
while the water flows through the same — suitable compartments 
being formed above and below the plates. 

The air pumps are double acting, situated between the con- 
densers : the suction and discharge valves being under and 
over the barrels. The circulation of the water is effected by 
centrifugal pumps and separate engines. 

This firm have also used the arrangement shown by Fig. 53, 
on page 54, which has now become universal, and is really the 
best of its class yet in practice. 

A novel arrangement for the valves and tubes is shown in 
transverse sectional elevation by Fig. 80, and in side sectional 
elevation by Fig. 81, on page 84. This was constructed by Messrs. 
Dudgeon in the year 1865. The circulating pump is on the left- 
hand side, and the air pump on the right. The tubes are horizon- 
tally situated above the pump, in three clusters. The traverse of 
the water is through the tubes, and its circuit is thus : The 
vertical valves — suction — admit the water into the pump, and 
those for the discharge — ^horizontally situated — allow the flow 
into the^r^^ set of tubes. After the water has passed through 
to the other extremity, it rises to the second set, and from thence 
through the third set — the final discharge being at the top of 
the compartment, at the back end. It is, perhaps, needful to 
add, that the supply and discharge pipes are fore and aft of the 
arrangement. 

It will be noticed that two divisional ribs are secured, on the 
tube plate, between the corresponding sets of tubes, to cause the 
forward and backward circuit alluded to; and at each end of the 
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tubes air chambeirs are formed, and thus the action of the pump 
is accelerated. The exhaust steam enters the tube compartment 
at the front end, above the tubes. 

The air pump valves are similarly situated as those for the 
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circulating pump. The action, therefore, being alike with each, 
the final discharge is efi'ected at the back of the tube chamber. 

Messrs. Watt doubtless led the way for Messrs. Dudgeon, by 
the arrangement shown by Fig. 82, on page 85, which is very 
similar to the one above, excepting that in this case Messrs. Watt 

G 2 



84 THE CONDENSATION OF STEAM 

used Wo pumps of each kind for the circulating water and the 
condensed steam, while the other firm used only one for each 
purpose. 

We may add that both firms carefully designed and arranged 
valves to change the duty of the circulating pumps when the 
condensers were worked on the injection system. 
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1B65. 

We next direct attention to an arrangement of surface con- 
densers by ourselves, which we carried out in the year 1862, as 
illustrated by Fig. 83, on page 86. 

The tubes are secured at an angle above the air and circulating 
pumps. The exhaust steam enters the compartment between 
the inner tube plates, and passes — right and left — through the 
tubes. The air pump — of the lesser diameter — drains the 
compartment at the outer extremities of the tubes, and thus a 
continuous and almost direct current is eflected. The suction 
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and discbai^ valves are above the pump on the same level — 
the passage above the latter communicates with a tank — thereby 
a free action is maintained. The circulating pump — ^of the 
greater diameter — is at the side of the air pump, both suction 
and dischai^ valves being similarly situated for each purpose. 
The circulating water enters throagh the oval opening at the 
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back, and, after passing amongst the tubes, it is discharged 
through the pipes at the top of the compartments. 

The main effect attained with this arrangement is a daplica^ 
tion of the entire working details for each engine — with single 
pipes for the supply water and exhaust steam, common to both 
engines. By this a saving of connections results, and in 
the weight of material and space occupied in the hull. 

The doors for access to the several compartments are all 
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suitably arranged, and on the main or large doors those of a 
small size are secured ; the removal of which being for inspection 
only. It is worthy of remark, that even by a reverse situation 
for the pumps and the steam surrounding the tubes, the arrange- 
ment will be but little affected — at least the tubes can remain as 
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illustrated ; the circulating water entering at the top of the 
central compartment, and the condensed steam being discharged 
through the central opening below, with the valves reversed also. 
In the year 1867, we were called upon to design two pairs of 
twin screw engines, direct acting, with surface condensers of the 
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cheapest and best arrangement then known. The arrangement 
we settled on is illustrated in plan, side elevation, and end eleva- 
tion, in sectional and complete views, by Figs. 84, 85, and 86, 
where it will be seen that the shell of the tube-chamber is a 
cylinder with a discharge channel and branch pipe at the top, 
and above that is the cover — " dish shaped " — with the steam 
and injection branches. At the base plate of the tube compart- 
ment, are the air and circulating pumps, valves, and chambers, 
all duplicate in arrangement and size : the suction valves* 
seatings in each case are vertically secured at the sides of the 

Fio. 84. 




Plan of Biii-gh*8 Cylindrical Surface CondeDser, with Duplicate Air and 
Cixvulating Europe, for Horizontal Direct-.\ctii]g Screw Engines, na con- 
structed in the year 1868. 

pumps^ and those for the discharge horizontally placed above. 
The action of this arrangement is thus : The steam enters the 
branch at the top, and then passes direct through the tubes into 
the chamber below, and is then, by the air pump, pumped, in 
the form of hot water, into the feed-tank. The circulating 
pump gets its supply from a chamber, formed under the lower 
tube plate, which has an opening in the bottom connected by a 
pipe to the sea water ''Kingston Valve;" this pump therefore 
forces the water into the lower part of the tube chamber and 
through the discharge opening at the top, and from thence out 
at the ship's side, by which circuit the chamber is always full 
and a continual change of water occurs. When injection is 
used alone, the use of the circulating pump is not required, the 
air pump being sufficiently large for the purpose. 
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We have latelycarried out the same arrangement for outside sur- 
face condensation, as illustrated hy Pig. 87, on the next p^;e. In 
this case the tubes are arranged with a circular space in the centre, 
in which, at the top, is a perforated exhaust steam pipe ; the perfo- 
rations distribute the steam equally amongst the tubes as referred 
to on page Si ; the pumps are duplicates in size, but the two 
sets of Talves are arranged differently for their separate duties. 

The circulating pump on the right hand receives its water 
through the top valve seating, the vertical valve permitting the 
discbai^e through the tubes ; the final opening in the top cover 
over the tubes being shown by dotted circles. 

The air pump receives the condensed steam by the way of the 
Fm, 85. 
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suction pipe and passage below the lower tube plate, and passes 
through the vertical valve seating, the discbai^e being effected 
through the seating over the pump, and thence into the feed 
tank, and from there by other pumps into the boiler. 

When the injection system is adopted, the circulating pump is 
disengaged and the air pump is in full use — the injection valve 
is on the top of the exhaust steam pipe not shown. 
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CHAPTEE X. 

SURFACE CONDENSERS FOR HORIZONTAL RETURN-ACTION SCREW 

ENGINES, PRACTICALLY CONSIDERED. 

With this class of engine the designing engineer has but little 
to choose from as to how he can best accommodate his ideas 
according to the facts before him; which are, that when the 
steam cylinders are to be so close together as possible, separate 
condensers beyond the outer piston rods are inevitable, with the 
tubes situated vertically or across the hull. 

If the condenser is to be over the inner piston rods, then 
the vertical situation for the tubes can be allowed ; but the steam 
cylinders must be proportionately separated apart. As to the 
latter case, the illustration, Pig. 88, is an example worthy of 
notice, as constructed by the firm of Messrs. Eennie, the engines 
being 350 horse-power nominal. Here the tubes are shown as 
stated, the steam passing through them, and the water 
surrounding their outsides. The left-hand pump is the air 
pump ; and that half portion being in section, the applications 
of the details are apparent at once. The other pump is for the 
circulation of the water amongst the tubes, the water entering 
at the top cond falling to the bottom of the copapartment, and 
from thence discharged out at the ship's side. 

Another arrangement is shown by Fig. 89. This is by 
Messrs. R. Napier and Sons. In this case the condenser is in 
the centre of the arrangement as before, but the tubes are 
horizontally secured across the engines above the inner piston 
rods : the steam surrounds the tubes and the water parses 
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through them in three sets or groups, as iu the example 
Ulnstrated on page 83. 
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Messrs. Napier, aa oarselvea, it will be seen, prefer in some 
cases a duplicate size and arrangement for the pumps and valves ; 
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and very neatly they have carried it out in this case, both for 
action and access ; the valves being rectangular, with doors 
suitably placed to inspect and remove them. 

When the condensers are used with the steam inside the 
tubes, and the compartment separate for each engine, or for 
one and half engine — as in the case of Maudslay's three cylinder 
engines — ^they are situated outside the outer steam piston rod, 
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Maudslaj's Outer Surface Condenser, with Angular Tubes and Scfmrate Pum^ia, for 
Horizoutal Hetum-Action Screw Eng^ines, conatructed in the jear 1862. 

with the circulating pumps and chambers between the inner 
piston rods, as illustrated by Fig. 90, in transverse sectional 
elevation, and by Fig. 91, in longitudinal sectional elevation. 

The air pump is directly under the outer and lower steam 
piston rod, and is worked by an " arm " secured on the same ; 
the suction valves, which are situated farthest on the right hand, 
are inverted to better drain the condenser ; those for the dis- 
charge being directly at the side above the pump. 
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The circttlating pump and its chambers aie entirely separate 
from the condenser, and thus are simply arranged. The centre 
of the barrel is directly in a line below the inner steam piston 
rod ; but the pnmp's piston receives ite motion direct from the 
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steam piston instead of from an arm, as in the other case. The 
suction and discharge valves are at the side, under and over the 
pump ; the discharge into the condenser being through the pipe 
connecting the two chambers. 
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When Messrs. Maudslay have used vertical tabes with 
inside condensation they have carefully arranged the pamps as 
before ; but then the suction valves have been altered a little, as 
illustrated by Fig. 92 ; but, excepting that, it is nearly a 
duplicate of Fig. 90, on page 92. 

Messrs. Laird Brothers have bad some practice in the 
difficulties attendant with the class of condensers under notice ; 




and to overcome them prefer to adapt the arrangement, as shown 
by Fig. 93, on the next page, iu two sectional elevations. 

In this case it will be noticed that the condensing tube 
chamber is outside the piston rods — as in the two preceding 
examples — and the air pump and valves very similarly arranged 
also ; but the piston is worked by the steam piston. 

The circulating pump's piston receives its motion from an arm 
secured on the inner piston rod, and the suction valves are 
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between the two pumps, while the disehai^ valves are at the 
side over their respective barrel. 

The route of the circulating water from the inlet to the tubes 
is rather peculiar. It enters under the suction valves at the 
back of the arrangement, and after passing through the pump, 
and into the discharge chamber, it is, by a vertical pipe, at 
the back also, conveyed to the lower tier of tubes — as shown in 
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the longitudinal view. It then passes and repasses through four 
sets of tubes, and finally out at the top, and thence through the 
pipe to the discharge valve connected to the ship's side. 

Within the last six years we have had to design several 
return-action screw-engines with surface condensers, and the 
room in 'the hull allotted to us was very limited in nearly all 
the cases, but the most '* pinching" of all happened in the year 
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1869, when we were allowed the least room, per indicated horse 
power, that ever fell to our lot. Aft^r practically considering 
the matter, we arranged the tubes as shown in the sectional 
Tiew by Fig. 94, and the other details as illustrated by Pig. 95. 
The main point in this was that we shaped the inner sides of 
the condeoBers to suit the angularity of the main crank con- 




LoBgitndinal SectioDil CItratlon of Bui^h'a AngDlvTubctfader-SDr&cc 
CtmiaMX and Pumps for HoriioDliI lietom-Actloa Screw Ei^on, 
cotutructcd in the yenr 18A9. 

necting rods, and thus reduced the length of the arrangement 
on the " line of keel " of the hull, in which direction was our 
least allowance for " passage " room ; and while thus shaping 
our condensers, we had also to keep the space between them 
sufficiently for access to inspect and repair all the intermediate 
details and chambers. 

The arrangement of the pumps gave us much trouble also. 
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both in their position and mode of working, but we overcame 
that by connecting the circulating pump rod direct with the 
engine piston', and the air pump rod witli the outer piston rod 
by an arm for imparting their motions. 
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The valves for the air pump are situated at its side over the 
same ; those for the suction being inverted, and those for the 
discharge are on the same level, lifting upwards. The longitudinal 
section shows both sets of valves on the line of the pomp's 
length — the suction valves being in section. 
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We preferred to use plungers in both cases, and rectangular 
valves for the air pumps, and metal valves packed with lignum- 
vitae for the circulating pumps. 

The passage of the circulating water was peculiarly arranged, 
with the view of eflfect as well as compactness, by the water 
entering at the back end directly under the suction valves, which 
are under the pump, and those for the discharge above. The 
water when on those latter valves passed from their chamber 
through a pipe connecting it with the condenser, an angular 
passage being formed therein to convey the water amongst the 
tubes. The position of this water entrance opening under the 
tubes is shown in Fig. 94, on page 90, where is seen also that 
the water passed finally from the condenser through the discharge 
branch, at the top, at the back end. The passage of the con- 
densed steam was direct through the tubes from the front to the 
back plate, and thence to the pump, as shown in that view 
also. When injection water was required, the plug valve at the 
top of the front cover, and its gear were used, and this was also 
applied slightly in conjunction with the surface condensation to 
keep up the full supply of feed water. 

On page 49 there is illustrated an injection condenser and 
pumps for direct-acting inverted angular engines, and on this next 
page is illustrated, by Fig. 96, a surface condenser for the same 
class of engines. The tubes are angularly fitted for the condensed 
steam to drain through them, and the circulating water enters 
at the base of the compartment, and is discharged at the roof, at 
the opposite end. This example, although of a small size, is 
arranged to be suitable for any power ; the cjdinders in all cases 
being secured on the top of the condenser, and the guides and 
shafts at the sides. The pumps, double acting, were worked by 
an engine horizontally secured on one frame, and thus separate 
from the condenser and screw engines. 

Another arrangement of a small condenser is shown by Fig. 97, 
the tubes being vertical, with the steam entering at the top, and 
passing through them to the bottom of the casing. The 
circulating water is forced amongst the tubes, by a centrifugal 
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pump, from the bottom to the top of their chamber, and the 
condensed steam is forced into the boiler by the feed pamps. 
This condenser has been used with success in the Royal Navy 
in steam launches. 

Flo. 96. 
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CHAPTER Xr. 

ARRANGEMKNT OF PUMPS AND VALVKS FOR MARINE ENGINES : 

PRACTICALLY CONSIDERED. 

Centrifugal Pumps. — An example of this class of pump is 
illustrated by Fig. 98, in combination with an injection con- 

Fio. 98. 







1 



Gwynne's Centiifugal Pamp and Injection Condentier for Marine 
Engines, patented in the year 1851. 

denser, which are submerged in a tank to ensure no leakage of 
air. This is a compact arrangement, and is applicable for land as 
well as marine engines. 

Another example is shown by Fig. 99, as arranged by Mr. 
Henry Turner, eight years after the preceding arrangement 
waj^ introduced. This was applied as a circulating pump for a 
surface condenser, the water entering at the bottom amongst 
the tubes, and discharged at the top of the chamber. The steam 
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enters the space above the tubes, and passes thi-ough them to the 
space below, from where the air pump effects the continual drain- 
ing necessary. This pump is worked vertically, the rod passing 
through a staffing box, not shown, in the cover of the discharge 
valve casing. 



,,^u 




«ntrilugal Circnlatis); Pump, YntJral 
Air l*ni<ip, eoi Sur&ce CondniMr, (or M«iHne EngiDM, palpntal 
in th« 7«ir 1859. 

The centrifugal pumps iii both these cases are worked by 
separate engines from the marine engines, but in other cases 
spur gearing has been applied instead, driven Irom the main 
cranked shaft. 




We now refer to the most effectual design and modem centri- 
fugal pump, as illustrated by Fig. 100, in sectional and complete 
elevations, and in complete plan by Fig. 101, on the next page. 
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e meclianical connectious EU-e thus : The central or divisional 
plate of the fan is secured on the shaft 
by a key, and lateral disturbance is 
prevented by a bush secured on the 
end of the shaft by a nut, as seen in 
the sectional view. The shell is in 
two portions, connected by the angular 
and horizontal flanges, by which con- 
nection the fan can be removed easily 
without disturbing the lower portion 
or any branch connection. 




riaa oT the Pump ihowa I17 Kig. lOO. 




DiuDeter of Fitn 

Dluneter of Dindonal Plate . 
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As the pump is useless without motive power to drive it, we 
illustrate, by Fig. 102, two elevations of two vertical direct- 
acting combined engines, as generally used now for that purpose. 
The slide valve is single ported, worked by a single eccentric and 
rod ; the remaining visible portions explain themselves, and their 
proportions are given in the table under these illustrations, 
together with those for the pump illustrated by Figs. 100 and 10] . 

Fig. 103. 




Spencei^s Vertical Double-Acting Piston Pump, to be applied as an Air or 
Circulating Pump, wparatelj, or combined at the tame time, introduced 
in the year 1864. 

Double-acting Piston and Plunger Pumps. — An illustra- 
tion of the first vertical double-acting air pump is shown on 
page 11 by Fig. 9, and although the first was a sound arrange- 
ment, taking into consideration that the valves were situated as 
near the ends of the barrel as their form admitted. Those were 
metal "clack" valves, it must be remembered; but when 
vulcanized india-rubber was introduced, a different form and 



104 THE CONDENSATION OF STEAM 

arrangeraeDt of valves became possible, which led to the 
better method as illustrated by Pig. 103, on the preceding p^e, 
where the valves are directly over each other at the side of the 
pump, thus enabling the barrel to be the shortest length possible, 
proportionate to the stroke and depth of the piston. 

The "side" position for the valves is not the best, hoveever, 
and the knowledge of that fact induced oui-selves to invent and 
patent the arrangement as shown by Fig. 104, where it is 




'■ Double- Actinic Veitical Hump Tar Marlut Engiiin, to lie UMd M ii 
Ait Pump or Cireulalini; Pump, sepftrattljr, or combinal at the nine time 
patmted in thejenr 1B69. 



evident that a nearly perfect discharge occurs at each stroke of 
the piston, which is the proper attainment with all pumps, and 
which can only be carried out but by considering that the air 
in water always rises to the top when the fluid is compressed, 
and if the vapour does not escape first it remains in the pump 
to a considerable extent. Hence the need of an air vessel or its 
equivalent in bad arrangements ; whereas in this one au air vessel 
is not required, because no air can remain in the pump, it being 
discharged before the water at each stroke of the piston. 
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The doors for access to inspect and renew the valves are 
directly over and under them, so that they can be easily removed 
with their seatings. It will be obvious also that the two top 
valves can be for air, and the two lower for water workings, at 
the same time if required, or vice versa, or the four valves can be 
used for either purpose only. 

When horizontal pumps are used, the arrangement depends a 
great deal on the class and power of the engines, as we have 
shown in the preceding chapters ; but yet while considering that, 
the best acknowledged position for the valves must not be 
neglected, that is, the suction valves must be inverted and those 
for the discharge reversed, on the same level over the pump. 
An example of an ordinary piston pump of that class is illus- 
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Longitudiiinl Sectional Kkvation of a Modem Horizontal I>oiible*Acting PUton 
Pump and Valves for Marine Engines, as used since the year 1862. 

trated by Fig. 105, in longitudinal sectional elevation, which 
shows the suction valves situated for the entire length of the 
casing, so that no space is lost lengthways, the discharge valves 
being on the same level. 

When the suction valves are required to be at the side of the 
pump, the illustration, Fig. 106, on the next page, represents 
the arrangement, which is the plunger type, but a piston could 
be used instead if desirable. This is a very effectual arrange- 
ment, and is now becoming general. 

It is evident that when the suction and discharge valves are 
on the same level over the pump, they occupy a deal of space 
across the barrel, as seen in Chapter IV., and it sometimes occurs 
that that arrangement is not available, as for example, for the 
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surface condenser shown by Fig. 86, on page 89, it woald not 
apply, and a circumstance in connection with it originated the 




arrangement of valves shown by Pig. 107, where it is illustrated 
that the suction and discharge valves, although over the pump, 




are secured within a space less than the diameter of the barrel ; 
and as the two sets of valves are over each other, one door for 
each twin set is only required. 
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Treating next of the pistons of those pumps now under notice, 
we allude to the illustration. Fig. 108, which represents a section 
and plan of a metallic piston with spring and face rings for 




Metillio Pbton for Air and Circulating Pumpi, f oied 



adjustment. The spring ring can be packed with india-rubber 
or any other suitable material : this is the present general practice 
hj the leading marine engineers, when plungers are not 
preferred, 

Messrs Maudslay, about ten years ago, introduced pistons for 
circulating pumps packed with lignum-vitse, and we bad occasion 
to use them also, as illustrated by Fig. 109, which is merely 
a metal grooved disc with blocks of the wood fitted in the 
groove. The only feature worthy of comment is the fitting of 
the blocks with each other, which is shown in the top view. 
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CHAPTER XII. 

CONNECTIONS OP PUMP VALVES FOR MARINE ENGINES 

PRACTICALLY CONSIDERED. 

There is no detail of the condenser that has received so much 
attention, and undergone such a variety of changes, as tlie 
valves of the pumps, and when marine engines were first intro- 
duced, metal flap valves were used, as shown by Fig. 3, on 
page 7. Those valves of course made a loud noise, and wore very 
soon in their connection and faces/ 

As the various requirements became apparent, they were met 
by suitable material in the form of india-rubber, which was 
introduced for pump valves about the year 1850, 

Messrs. Penn were as early in the field to adopt it as any one, 
and they caiTied out the same mode of connection then as now, 
as illustrated by Fig. 110, on the next page, which shows that a 
seating plate of any suitable dimensions contains the requisite 
number of valves on it, and that one joint connection for the 
plate is only required. Each guard is secured by a stud and 
nut, and the guard surrounds the stud between the plate and 
the nut, while the valve encloses a portion of the guard. 

About the same date, 1850, Messrs Maudslay introduced 
their mode of connection, as illustrated by Fig. Ill, which is a 
separate seating for each valve, the guard being as Messrs. 
Penn s, but the seating secured by a cross-bar on the opposite 
side of the projection on which the seating is jointed, and one 
bolt and nut completes the entire connection of the guard, valve, 



THE CONDENSATION OF STEAM 




IN CONNECTION WITH PUMP VALVES. Ill 

and seating. This has been used by the firm to the present 
tirae, and the practical advantages warrant its future con- 




IMimpi of U.iiine En^na, 



tinuance. Those advaut^es are 
eqaally applicable for inverted 
valves also, as illustrated by Fig. 
112. Id this case the guard is a 
flat disc, with a projection on it 
sufficiently deep for the valve to 
have a certain entire rise and fall 
in its action, or '' play," to use a 
siUy technical term, for really the 
valve is working when in motion 
instead of playing. 

Messrs, Watt adopted the seat- 
ing plate similar to Messrs. Penn, 
but they connected the guard dif- 
ferently, as illustrated by Fig. 113, 
preferring to use a stud with collars 
on it, between which the valve 
was placed, and on the upper collar 




WatU' Indin-iubbtr Cinuliir Valrr, Mdal 
Gnud, Stud, ind portion of Sealing PUtf, 
for Fumpi of Uunnc Englnn, lu lued at 
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the guard was fixed by a nut, the stud being screwed into the 
seating plate. 




The same arrangement was used also by Messrs. Ravenhill, 
as shown by Fig. 114, but mstead of collars the stud was- 
enlarged in diameter between the guard and the seating pkte. 
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About twelve years ago we introduced the arrangement which 
Fig. 115 illustrates, which is far more economical than the 
previous examples, because it consists of a single valve seating 
with four, three, or two stud securing projections, according to 
the size of the valve. A bolt and nut secure the guard and valve, 
and thus the connection is very simple to manufacture. As this 
is shown in section and plan, it can be easily understood without 
further comment. 

Messrs. Humphrys generally prefer rectangular india-rubber 



Fig. no. 




Ihiniphry»' KectanguUr ladia-mbber Valve-Guaixi and Separate Seating, 
for Pomps of Marine Engines, as used at the present time. 

valves fitted with the guards and seatings, a^s illustrated by 
Fig. 116 in two sectional views. The seating is secured by one 
central bolt and nut, and the guard by two studs and nuts : in a 
similar manner the inverted valves are Fio. ii7. 

arranged as shown by Fig. 117, the 
seating being under the joint flange 
instead of over it as in the other 
example. 

We have often used valves of rec- 
tangular shape also, and then secured "Zn^e^^T^pX^^^^ 
slips of gun-metal on the valve which *^°8'°"» "* "«^* *^ ^'^ ^''^*^^ ^™«- 
prevented its splitting at the outer side edges : the seating was 
also made in one plate for two valves, as illustrated by Fig. 118, 
and when for inverted valves, as illustrated by Fig. 119, so that 
it will be seen,, that in both cases the valves and guards are 
secured precisely alike, and that the same seating, with a very 
little pattern alteration, suits both positions for the valves. 

Mr. Spencer has used rectangular metal valves as illustrated 

1 
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by Fig. 120, packed with india-rubber, with the seating peculiarly 
fitted in a groove which encloses the back and sides of it, while 






the door makes the front joint. The guard consists of a projection 
on each valve, and when they both rise to a certain extent the 
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projections clash, and thus the rise or lift is limited ; by which 
means a similar valve and seating are applicable for the air and 
circulating pumps, and alterations of the projections on the 
valves can be made to suit the " lift " as required. 




We have already alluded to Messrs. Watt's arrangement of 
valves as shown on p^e 23, but we think it better to illustrate 
it again by Fig. 121, as a contrast with the flat seatings just 




described, the difference being in the sizes of the seating flange 
connections for the same number of valves. 

Mr, Spencers method of arranging suction and discharge 
valves as a combination is shown by Fig. 122, which illustrates 
that the top seating, for the discharge, is secured by four studs, and 

I 2 
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the guard stud secures all the remainder of the details, by the 
simple means that the stud fits into the lower neatiog as a set 
Pir, i^^_ cone, and from that point is 

turned plain to ht the valve and 
guard, above which it is screwed 
to the top end, which is square for 
a short length to fit the securing 
spanner. The lower guard is 
plain on the stud and "held" 
by a nut ; the top seating and 
guard are screwed, so that when 
the top seating is fixed, the lower 
I one can be secured by the stud 
-that valve and guard being 
previously secured by their nut 
— and then tlie top guard and 
valve are made secure. 

The use of canvas and leather 
as a substitute for india-rubber 
for valves has of course often 
been used, but with no success 
except in their noiseless action ; 
but the same effect can be ob- 
tained with all the remaining 
■lid Di»ch.i)^ requirements best by the use of 

?amp.<,i Mariiir Euginn, >» iwl nikw th* metal ValveS CUclosing WOod, 

^'"' ^^'^' lignuni-vitffibeingthemostendur- 

able, and the mode of applying it practically is illustrated by 
Fig. 123, on the next page, which shows that a disc of metal 
enclosing a ring of wood acts on a metal seating, which is 
secured by a stud on which the valve works, and the nut above 
acts as a stop and spanner head. 
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CHAPTER XIII. 

SUPtLEHENTARY DETAILS FOR THE CONDENSERS OF MARINE 
ENGINES PRACTICALLY CONSIDERED. 

Injection Valves. — These valves admit and stop the flow of 
the water into the condenser for the condensation of the steam, 
and the example illustrated by Fig. 124 is the ordinary kind 




I 'lute Injfctioa-VilT* and 
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with its casing, seating, and connections ; the valve is merely a 
flat plate working in a groove on each side of the seating, which 
with the casing is secured to the side of the condenser. Tlie 
closing of the valve properly is attained by the seating-face 
being inclined so that the valve tightens as it descends, and 
" when'down " the joint is perfect. 

In some instances the valve is hung at its centre with a cross 
pin and bosses, by which connection the valve is more readily 
released from being closed than by the former means. An 
example of this is shown by Fig. 125, where it is seen that the 
valve is the " gridiron " type fitting on a seating to correspond ; 




and besides the advantage of the connection, there is the 
reduction of the travel of the valve to open and close the ports, 
for the admission or not of the water, in much less time than by 
the former method described ; for it is obvious that if the area 
of the requisite passage is divided into ports or narrow openings, 
and as the width of one port plus tlie outside lap of tlie valve 
must be the half travel in any case of width of port, then the 
motion for the valve will be proportionately reduced by the 
divisions, as illustrated above. 

There is another appendage to the condenser of the marine 
engine that is very important, and altliough practically so, does 
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not generally receive the merit it deserves. We allude to the 
" bilge " injection valve, which becomes at times, when the 
bilge pumps are out of order, the last recourse to " empty the 
bilges," and that when a leakage or " shipping seas " occurs, must 
be done in proportion to the supply to keep matters in proper 
order. We know many cases where this valve has been omitted, 



Fio. 126. 




Bilge Ioj«ctioa Flag Valv^ at fitt«d to the Coiidensen of Mai'iiie 

EDgines at the pi'eseut time. 

and in others where it has been too small, or, in fact, a valve put 
on because *' it is generally done," and for that reason only. 

The universal class of valve for the purpose is illustrated by 
Fig. 126, which is a common marine '* plug-valve," packed at 
the top and solid at the bottom to prevent leakage if possible. 
This is not the best valve, however, that can be used, because it 
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is liable to " stick ** or become " set," while by using a disc 
valve, a more clear open communication to the bilge can be 
better eflfected at any moment. 

Spray-pipes. — These pipes are for the proper distribution of 
the water that condenses the steam, and various shapes have 
been used, as shown on pages 13, 14, 15, 16, 18, 23, 26, 28, 30, 
45, and 65, for land and marine engines ; but we now direct 
attention to two popular shapes as used in the present day by 
two leading marine firms; the illustration, Fig. 127, being by 
Messrs. Penn, and Fig. 128 by Messrs. Maudslay, which 
consist in the first case of a perforated pipe with the supply 

KiG. 127. 



Peon's Spray-Pipe, for the dijitrtbution of the Injectiou wnter in Condensers of 

Marine Lngines, as used since the year 1863. 

KiG. 128. 
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Maadslay's Spray-Pipe, for the distribution of the Injection water in Condeusers 
of Marine En^iQei,as used since the year 1863. 

branch at the centre of its length, the perforation being on the 
upper side only ; and in the second case two pipes of unequal 
diameters, the larger pipe being divided midway, longitudinally 
by a plate, with the portion below it perforated, and beyond 
this is the smaller pipe perforated in " streaks " around for its 
entire length. These two examples accomplish the same require- 
ment ; thus Messrs. Penn by the central position for the supply 
branch, and Messrs. Maudslay by the two diameters for the 

pipes. 

Snifting-valves — These valves are so termed because they are 
said to " sniff" when in use, that being to allow the condenser to 
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be *' blown through '* by the steam without a return of air ; so 
that when the steam opens the valve it is said to ** sniff," and 
when the pressure in the condenser is less than the pressure on 
the valve it closes, and in some instances the valve is loaded 
either by a weight or spring to ensure that operation. 

A very general example is illustrated by Fig. 129, the valve 
being the disc kind, guided below and fitted with a lifting rod 

Fig. 129. 




Snitling Valve Htid Casing, as used for Coiidcusere of Maiine 
Engines at the jnesent time. 

and handle above ; the seating is situated sufficiently below the 
discharge opening to ensure an accumulation of water on the 
valve while it is closed, and thus prevent any air leakage, the 
water acting as a weight also. 

It is very obvious that with this arrangement of casing there 
will always be water in the branch-pipe under the valve, and to 
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prevent that aiid ensure a perfect "blow out" of the condenser, 
we introduced tlie casing and valve gear as shown by Fig. 130, 
which is a spring to actuate the valve, and a screw spindle and 
handle to release and guide it when opened or closed ; the 
spindle also closes the valve independently of the spring, which 




liuigh's tipring Snifting VbItb lor CondOiMra aJ llHridc Ijiginaa, intnidiictd 
in the ;«r ISGJ. 

FIO. 131. 




latter is sufBciently strong only to prevent the valve from 
sticking on the guide. 

Plug valves have been used an snifting valves also, as illus- 
trated by Fig 131, which is a sectional elevation of an ordinary 
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plug and casing, fitted with a branch piece, in which is a 
perforated seating, india-rubber valve, and guard, as used for 
^r pumps. We may add that the closing of the valve depends 
chiefly on the atmospheric pressure under it. 

Water Discharge Valves. — ^These valves are secured as 
near the *' shell " or *' skin " of the hull as practicable, and when 
open permit the requisite water from the condensers to pass 
through their casings into the sea or river, and when closed 
prevent that, and also the influx of the water outside the hull 
into the air pumps. 

Now those two functions may seem so very simple, to many 
engineers even, that there can be but little to consider as to the 

best mechanical arrangement for the pur- 
poses. It will appear, however, — as we 
shall directly show — that there are divided 
opinions now as to the best means. As 
for example, the illustration. Fig. 132, is a 
sectional elevation and plan of an ordinary 
arrangement of valve and casing ; the valve 
being a disc of gun-metal with a spindle-guide 
and a handle-rod above, to raise and lower 
it by blocks and tackle attached to a hook 
secured to the deck or coal-bunker plate. 
The casing is of gun metal also, with a 
secured cover above the valve and a 
stuffing-box branch below it ; a bilge-branch 
is also cast with the casing, to which is 
attached a smaller but similar casing and 

Water Discharge Vulvu and ValVC. 

since the year 1858. brauch, it is somctimcs at the front of the 

main casing, as illustrated by Fig. 133 : the connection of the 
handle-rod with the valve is different also, because in this case a 
collar and socket is preferred in the place of a screw and boss. 

A third example, as shown by Fig. 134, on page 126, is next 
worthy of notice, in particular for the gear introduced to raise 
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and lower the valve, which, unlike the previous examples, forms 
a portion of the arrangement ; this is a rack and pinion, with 
a stop-key to keep the valve opened or closed as required ; the 
spindle is connected to the valve by a cross pin, and the casing has 
a bilge branch as in the other arrangements. The valve is raised 
and lowered by turning the pinion-handle, and thus is self-acting. 



Fio. 133. 




Water Diiiuharge Valve;! and Casings, for Condensers of Maniie 
Kiigines and Bilges, u^^ed since the rear 1861. 

when the. stop-key is not in use ; the key being more applicable 
for keeping the valve up than for preventing its rising. 

The earlier stop-valves of this class had screwed rods and 
guides to raise and lower them, or as an ordinary steam stop- 
valve ; but after the event of an accident or two, such as bursting 
the pipe, splitting the pump barrel, and bending the piston rod, 
they were considered dangerous, and the self-acting valves, as 
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those illustrated, were introduced. Within the last few years the 
screwed rod has been again adopted, but with a different form of 
valve, as now illustrated by Pig, 135 : this is the gridiron type of 
valve and seating, and answers well for large condensers, because 
the travel of the valve to open and close is so very short propor- 
tionately. Those operations can be done in a moment, while the 
valve also is not liable to " stick " at any point of position. 

KiNosTON Valves. — These valves admit the water or prevent 
it, from the sea, to the condenser, and as any fracture of the casing 
or sticking of the valve would render those operations doubtful, a 




peculiar shape of valve and casing obviating doubt was intro- 
duced by a Mr. Kingston about twenty-one years ago, which is 
used at the present time also, and likely to continue in use. 

A section of the valve and casing is shown by Fig. 136; the 
valve is cone-shiiped with the spindle screwed into it, and pass- 
ing through a stuffing box and gland at the top of the casing 
surmounted by a cross-handle ; the valve is shown closed and 
locked ; the lock being shown in detail at the side of the casing. 
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its application can be readily understood. Below the valve is 
secured a gratiog to lugs cast in the casing with guides lor the 
valve ; a sectional plan of this portion is shown also. 

The modern arrangement of these valves and their details is 
represented hy Fig. 137, on the nest page, which shows that the 




Gridiron IKtchni^ Watei'-Vntire and Sejitii 
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OiJinarj " Kinptoii " Valve, for the admi 
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grating is attached with the casing direct to the ship's side ; the 
valve and spindle are cast together, the top part of the rod being 
screwed and sarmounted with a hand-wheel, below which is a lock- 
wheel supported in a bracket secured on the casing ; this wheel 
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aod the smaller one are used to open or close the valve, and the 
larger wheel locks it, while the nut and the boss locks the spindle 
and wheel together in any position. 

kjg. 137. Motion - gear roB Vertical 

Pumps. — This gear is chiefly used 
for the air pumps of oscillating en- 
gines, of which several examples 
are shown in Chapter III. 

When two air pumps are used, 
they are either directly opposite 
each other in plan, as in Fig. 21, 
page 23, or the centres are apart 
equal to the width of the connect- 
ing rod hearing, plus the clearance. 
The arrangement illustrated by 
Fig. 138 requires only one con- 
nection with the crank pin. One 
rod is keyed into the lower portion 
3 ^§-3 **^ *^® brass, and the other is hung 
tht nd- on a pin on the opposite side. The 
r(rpH:::^.*orM:li:^ keyed rod always forms a direct line 
Kr,gin«, uhj .i„c th« j«ir 18*6. f^^^ j-j^g (.^^(.^6 of the crauk pin, but 
the opposite rod a broken line at the point of suspension at 
certain portions of the stroke. The cup is made of wrought 
iron, and the lower portion of gun metal. The firms most 
partial to this mode of connection are Messrs. Mandslay, Sons, 
and Field, and Messrs. James Watt and Co, 

Other firms prefer to make the entire portion of wrought 
iron, with gun-metal lining, to reduce the friction and wear with 
the crank pin. The trunk end of the connecting rod is secured 
by a single eye for the rod, and a double eye bolt in the Irunk. 
The bolt is attached to the piston by a nut recessed in the body, 
by which means a separate provision for clearance is not required 
in the lower valve plat«. The bra.<!3 in the eye is in the lower 
half only, as the labour of tlic pump is greatest when ascending, 
llie adjustment of the pin and brass is oiten attained by a cotter. 
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on the upper side of the eye ; but in many instances this is 
omitted, as the friction is proportionately slight to that on the 
crank pin. The rod is in two portions, connected, about 
centrally of its length, by a socket and key, this being for the 
purpose of erecting with facility, and portability as spare gear. 
The dimensions in the table are common with those given on 
page 23. 

The illustration, Fig. 139, on the next page, is the crank end of 



Fio. 138. 




Watt's Twin Connecting Rod Head for workinjr the Pumps of the 
Condensers of Marine Engines, used since the rear 1860. 



Diameter of Cmnk 
ft. in. 



Length of B«*aring .... 9 
Diameter of Op Bolts ... 3} 
Distance between centres of Bolts 1 9 
Thickness of Cap . . . . 2JJ 
Diameter of Connecting Pin ..04 
Thickness of Kye in Rod . . .0 4} 
Thickness of Eyes in Bi-ass ..02} 



Pin, 1 ft. 5 in. 

Mean width of Connecting Key 
Thickness ditto 

Diameter of Socket . . . 
Diameter of Lower Socket ijn Rod 
Dianieter of Trunk Eye Pin . 
Diameter of Trunk Piston Pin 
Length of Rod between centres 



ft 


In. 





4i 





Oi 





7 





6} 





a 





^i 


12 


H 



the connecting rod, belonging to the air pump, shown by Fig. 20 
on page 21. In that example the centres of the air pumps are 
2\ inches on each side of the centre of the condenser, thus making 
a diflTerence of 4 J inches for the port and starboard positions. 

The form of the head in the present example is a more 
general shape than that of Fig. 138, This i^ to be accounted for 
from the fact, that independent connection admits of a similar 

K 
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means of discoimection, which, with lai^ en^nes, is no mean 
advantage. 

The example under notice is shown in sectional and complete 
views. The cap is of wrought iron, increased in thickness at 
the centre, to resist the direct line of strain incurred during 
each stroke of the pump. The brasses are in two portions, the 
line of division being shown in the complete side of the 




Single ConnrchDg Hod Btad Tor working the Pumpi 
of theCoDdeiueii ol Mtriat Knglno, owd ilDce 
the Tear 1858 



Diameter of Cnnk Pin 
Length of Bfsiing of Bnuset 
DiiuiKter of C*p Bolta 
DistaoM between Cvnti-ei orditk 



uofTh. 



Thicknns of Biumb at top ud 1 
Inttom J 

Tbicknesi M centre .... 

DtnmelOT . of ConnectinK Rod it I 
Th*>il f 

Diaaiel«r of tye Fin . . . 

Diameter of Trunk Pin . . . 

Length of Rod between CentTM 



OJ 

4i 

3( 

4i 



elevation. Each brass is hoUow, to reduce the material, while 
at the same time the requisite strength is preserved. The X 
head of the rod is shaped as the cap, and both are connected 
to the bi-asses by the bolts, of ordinary description. Each nut 
is recessed in the cap, and set and stop pins prevent looseness 
possible. , 
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The dimensions under this illustration are connected with 
those given on page 21. 

In some instances it is preferred to make the head of two 
solid portions, with thin circular or octagon brasses. An 
example of this kind has been designed by the author for the 
air pump of a pair of engines of 150 nominal horse power 
collectively, alluded to by Fig. 23 on page 26. The diameter 
of the crank pin is 9 J inches, the cap bolt 2^ inches, and the 
length of connecting rod, between centres, 5 feet 6 inches. 
Each nut is recessed in the upper portion of the head, and set 
screws ^ inch diameter prevent looseness. The brasses are 
f inch thick at the line of strain, and f at the sides ; the flanges 
being f inch in thickness, and length of bearing 6 inches. 
The cap or top portion is 2^ inches thick, and that formed 
with the rod the same, at the angles with the brass. 

The next means of imparting motion to the air pump piston is 
by eccentrics, which are now general. The firm most partial to 
this mode of action is Messrs. James Watt and Co., who have 
lately fitted no less than five vessels with diagonal oscillating 
engines and eccentric motion for the air pumps. Messrs. Eaven- 
hill and Laird also have constructed engines of similar type, and 
other firms in England and Scotland often adopt the same 
arrangements. In fact, so universal is the system, even for 
engines of moderate power, that the new saloon steamers on 
the Thames are fitted accordingly. 

The motion under notice has the advantage that one or two 
eccentrics can be arranged to work the same pump. Now, with 
two eccentrics, the strain on the intermediate shaft is transmitted 
close to the bearings, a matter of great consideration with large 
engines, when the distance between the centres of the entabla- 
tures is considerable. One fact, of course, in connection with 
the duplicate motion, is that a crosshead is requisite, or additional 
detail, but the shaft can be of less diameter than when the 
crank or single motion is adopted. Other facts also are apparent, 
such as the reduction of the labour and material for the shaft ; 
and when the piston rods of the cylinders are connected on the 

K 2 
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same craak pin, the single or twin eccentric motion is adapted 
to work tlie air pumps in the wings of the engine room. 

The illustratioDp Fig. 140, is an example of twin eccentric 
motion. The trunk and piston are of the ordinary kind, also 




Twin Kcenitrics, Hodj<, iuhI PiMnn, for Ihe Pun 
of CoaJmarn nf MniiiK Kngintv, incd liiicc i 
jmr 1864. 
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the connection of the rod. The eccentrics are shown in end and 
side elevation, to render their form obvious. 

For an air pump 3 feet in diameter, and a stroke of 15 inches, 
the dimensions under the illustration are in practice by Messrs. 
Ravenhill, fitted in a merchant ship. 
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CHAPTEE XIV. 

ARRANGEMENTS OF PTJMP-VALVBS FOR LAND ENGINES 

PRACTICALLY CONSIDERED. 

It will be remembered that on page 117 we illustrated a guide 
rod metal valve packed with wood, of a circular form, as applied 
for pumps of marine engines ; and now, by Fig. 141, we illustrate 
another method for a hinged rectangular shape that has been 
applied with land engines. The main feature in this case is, that 

Kio, 141. 




Kectaugular Wood-Packed Metnl-hiDgcd Valre «ind Renting, for tlie 
Air Pumps of Land Engiaes, proposed in the year 1858, bj 
H. C. Bosscha, a Dutch eDgiueer. 

the frame of the valve is recessed to receive an angular 
edged plate of lesser dimensions in length and width, and 
the space between them is filled with wood, cut across the 
grain to fit therein, the frame and plate being connected by 
bolts and nuts. This being shown in section and complete 
elevation, it can be easily understood, and thus enables us to 
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refer to the next example, shown by Pig. 142, which is a double 
stop surface circular metal valve and seating : the reason for 
there being two stop surfaces is, to reduce the shock or blow of the 
valve when closing the apertures for the discharge of the water 
through the seating. Tlie valve is guided on a bolt secured in 
the seating by a nut, and the seating is fixed by a set stud acting 




l>ouble-Sat Mr 



screwed through a cross- 



on the top end of the bolt, and 
piece cast with the valve-chamber. 

Our next illuBtration is of a far more simple character, as 
shown by Fig. 143, which represents a flanged tube of india- 
rubber flattened at the top, thus forming "lips," that open to 
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pennit the discharge of the water and close to prevent it, their 
positioa when open being shown by dotted Unes. 

Referring next to Talvee and seatings of more general use, 
the example shown by Fig. 144 is noticed, which is a section 
and half plan of our usual method of design and connection for 





Bui^h's Iiidiu-iubber Diecluige Vslie, Metal Guanj, ■ 
Keitjpg, for Air Puntpa of LodJ lilngiaes, u nwd aia 
the year 1862. 



valves, guards, and seatings for air pumps of beam engines. The 
stuffing box and gland shown in the centre is for the piston rod to 
work through when used as a discbarge valve, but when apphed 
lor suction the guard is secured by a single stud centrally fixed. 
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For pistons of air pnmps which have the seating formed in 
them, and the valve and guard attached, the arrangement shown 
by Fig. 145 is a good example : we arranged this in the year 
Flo. 145. 1863, and one of the features worthy 

of comment is the packing, which is 
a metallic ring, that is adjusted by a 
gasket or india-rubber behind it, 
actuated by a ring and set studs. 
The securing of the guard was novel 
then also, being by studs to the 
piston rod. We may add in passing 
that this and the preceding figure 
are in conjunction with Fig. 11 on 




— ^ page 14. 
■^ ""J Ti 



^"ctii. fo.'"A'ir?:5 olt^ Z It sometimes occurs that the cor- 
gine^ «««d«™ the y«^ 1863. ^^^^ positions for the valves must 
be sacrificed to immediate, and, therefore, separate accessibility ; 
which when occurring, the arrangement shown by Fig. 146 
has been used by a well known firm. The suction and 




Arnuiginiciit of Air I'ump ud Vb1t« for Ok Sarfiuc CcoileiNr of ■ 
IWm Engine, comtrudMl by Mntrt. Whinlilnn, Lcckf , and LucUi 
lor lh« Lulon Wglir-Woikt, in the jtai 184i9. 
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discharge valves are at the sides of the barrel, and the piston 
has a valve on it arranged very Hke Fig. 145, the other valves 
being similar as introduced by Messrs. Maudslay and illustrated 
on page 110, 

The condenser in connection with this pump is illustrated in 
sectional elevation and plan by Fig. 147 : it is a plain cylinder 
fitted with tubes and branches ; the steam enters the shell inlet, 
and passes as condensed water through the outlet below, while 
the water passes up through the tubes. 
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CHAPTER XV. 

THE APPARATUS FOR THE CONDENSATION OF STEAM WITHOUT 

AIR PUMPS. 

Waterfall Condensers. — About twenty-seven times as much 
water as feed is required to keep down the temperature of the 
ordinary condenser to 100 deg. or thereabouts, and thus main- 
tain a vacuum short of the atmospheric pressure by 24 lbs. to 
3 lbs. per square inch. Half a cubic foot of water evaporated 
per hour will in a moderately good engine give one indicated 
horse-power, and as 1 lb. of coals in a fair boiler will evaporate 
7 lbs. of water, this corresponds to a consumption of fuel per 
horse-power per hour of 4'571 lbs. Properly to condense the 
waste steam from such an engine, 13*5 cubic feet of water will 
be required per hour for each indicated horse power. Under 
certain circumstances it would be possible to construct a reser- 
voir, tank, or condenser strong enough to resist an atmospheric 
pressure of 11 lbs. or 12 lbs. per square inch, and large enough to 
contain the products of condensation for half an hour. Thus in 
the case of an engine working up to 100 horse power, some 
1350 cubic feet of water would be required per hour, or 675 ft. 
in half an Iiour, which would be contained and something to 
spare in a cylinder ft. 6 in. in diameter and 10 ft. high. If such 
a vessel were applied to an engine in lieu of an ordinary 
condenser, the steam might be condensed within it, and if no 
air entered a perfectly good vacuum might be maintained with- 
out any air pump whatever. When the vessel was nearly filled 
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tke injection might be shut off, a large valve opened at the 
bottom, and the entire contents blown out by the pressure of the 
exhaust steam and the gravity of the water. This operation, 
under proper arrangements, would not occupy more than a 
minute. On closing the lower valve and readmitting the 
injection the vacuum would be restored, and the engine would 
proceed as before, and the operation of blowing out might be 
effected automatically by a simple float arrangement. Un- 
fortunately such a plan would not work well in practice, because 
of the air which would accumulate in the condensing chamber 
and spoil the vacuum. We mention the arrangement here only 
because it illustrates a principle. 

If now, instead of suffering the condenser to work for half an 
hour at a time without blowing through, we suppose its 
contents — in so far as they consist of air and water — to be 
expelled at much shorter intervals, say of half a minute, the 
entrance of air would be productive of little inconvenience. 
But then during a few seconds in each half minute the engine 
must work without the aid of a vacuum. Thus we can suppose 
the engine to work for twenty strokes with, and for five strokes 
without, a vacuum ; and such an arrangement would undoubtedly 
be admissible in practice, and might be used to advantage under 
peculiar circumstances. But there are far better arrangements 
by which a similar end may be attained. By employing an air 
pump the action of the condenser is rendered nearly continuous 
instead of intermittent ; but there is no power gained thereby. 
It may be demonstrated that the power expended in working 
the air pump continuously is greater than that which would be 
wasted during the interval occupied in blowing out the con- 
densing tank we have described. 

Carrying our illustration a step further, we may suppose that 
the condensing tank is blown out at each stroke. With each 
reduction in the length of the intervals elapsing between each 
operation of this kind, it is obvious that the dimensions of the 
tank may be reduced. Thus if the tank be blown out every 
ten minutes, it may be reduced to one-third the size required 
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when blowing out takes place every half-hour ; and if the 
operation be effected at each stroke of the engine, a very small 
space indeed will answer, as is seen when the air pump is 
employed, the action of which is, in effect, to blow out the 
condenser once at each double stroke of the steam piston. If 
the blowing out be effected by shutting off the injection at each 
stroke, and permitting the steam to expel the contents of the 
condenser, then it may be urged that no vacuum can be 
obtained, but this is an error. The action will then be divided 
into two portions. The waste steam first expels the contents of 
the condenser, and is then itself condensed, leaving a vacuum. 
As a result, the first portion of each stroke will be performed 




without, and the latter portion with, the aid of a vacuum; and 
it may be shown, that aJthough the action is thus far intermit- 
tent, no more power is wasted than by the air pump. 

Such an intermittent condenser as we have last mentioned 
has actually been used in practice, and with very good results. 
It was first, BO far as we are aware, proposed and used by 
Dr. Ernest Alban, of Plau in Mecklenbut^h, as far back as 
1826, as illustrated by Fig. 148, which shows a little pumping 
engine to which it was fitted. Dr. Alban thus describes the 
engine: — "The engravings represent an engine erected by me 
for lifting water at Dobberan Turf Moor. In this I have used 
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a pump beam, though it is by no means absolutely necessary. 
The engine cylinder is constructed for single action, i.e.^ working 
by the descent of the piston only. The valve is a slide, and the 
beam has on the ends two arcs, to which the piston and pump- 
rods are hung by strong straps which, as the engine is small, 
answer very well; the framing and the pump, which is of 
copper, furnished with a cistern and run-off trough ; the pump- 
rod, the counter-weight, the condenser, and the feed-pump, are 
all shown, as also is a catch-rod, to prevent the engine making 
too long a stroke either way. The lower end of the cylinder is 
always open to the condenser, by the side pipe. The steam is 
cut off at half stroke. At the end of the stroke the steam 
blows into the condenser, and a vacuum is quickly formed above 

Fig. 149. 




Dr. Albau's Condenser, Tank, and Pipes, iin-ented in the year 1826. 

as well as below the piston. The counter weight then acts, and 
the piston goes out, at the end of which the valve is reversed by 
the plug-rod, and the return stroke repeated as before. 

The illustration. Pig. 149, shows the eduction pipe, the con- 
denser, a pipe of sheet copper, the same diameter as the eduction 
pipe, and about twice the length of the stroke of the engine. 
It lies in a cistern supplied with water from a pipe, a strainer 
is fixed to prevent any particles of dirt getting into the part 
of the cistern from which the water is drawn, and there is an 
overflow by which the waste runs off, also there is an emptying 
cock. The condenser is laid on an incline; the lower end 
projects out of the cistern into a box, and is fiimished with a 
hanging flap-valve opening outwards ; a small pipe is fitted, in 
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which is fixed the injection cock, turned by the key. The pipe 
is bent in the interior of the condenser, and has a mouthpiece 
so shaped as to spread the jet of water. The action of this 
condenser is as follows : — At the moment the eduction passage 
is opened to the cylinder, the steam having a pressure consider- 
ably above that of the atmosphere, rushes through the pipes, 
stops the injection, and blows the water and air collected in the 
condenser out at the valve into the vessel. This, however, is 
the work of a moment ; the valve immediately falls, the jet of 
water again enters, and the steam is condensed. The air and 
vapour pass away by the pipe — and the water by the pipe. It 
is to be regretted that Dr. Alban did not measure the vacuum 
obtained by this condenser. Bujb he proves the eflBciency of the 
apparatus by stating that either of the engines to which it was 
applied could be stopped when working with full steam by simply 
closing the injection cock. 

We have in this arrangement a true intermittent condenser, 
and our readers will not be slow to perceive that the waste 
steam takes the place of the air pump piston very efficiently. 
At the commencement of each stroke the steam exhausts into a 
vacuum, which is quickly destroyed and then restored again. 
Power is of course wasted, because a portion of each stroke is 
performed against atmospheric pressure. But it must not be 
forgotten that the ordinary air pump works also against 
atmospheric pressure, and consequently consumes power ; and it 
might be possible so to construct an Alban condenser that even 
in practice its results would not be greatly inferior to the 
ordinary condenser. It is obvious that the great end to be 
sought is the rapid condensation of the steam and the restoration 
of the vacuum. But in the Alban condenser the flow of 
injection water cannot be re-established until the pressure 
within the condenser falls to something below that of the 
external atmosphere, and this cun only be attained by the 
condensation of the steam within the waste-pipe or condenser 
by the abstraction of heat through the metal. To make the 
apparatus more perfect, the condensing water should enter under 
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such a head that only at the first instant of exhaust would the 
injection be stopped ; and by this means the no-Tacuum period 
might be so far reduced that the Alban condenser would be 
made highly efficient. 

We now refer to a condenser differing in many respects from 
any we have yet alluded to, and apparently capable of giving a 
first-class vacuum with as much steadiness as though an air 
pump were used. In all the condensers we have mentioned 
both air and water are required to be expelled by the exhaust 
steam. In that the principle of which we are now going to 
describe only the air is ao expelled ; and if no air found its way 




in, either with the injection or from the boiler or engine, it 
would be perfectly continuous in its action. 

In the illustration, Fig. 150, there is shown the waste steam- 
pipe from an engine prolonged to a height of 34 ft., turned 
vertically downwards, and immersed at its lower end in a tank 
containing water. It is evident that by merely throwing a jet 
of water into the pipe we might have a most efficient condenser. 
The water would perhaps stand at some 28 ft. high in the pipe 
above the level of the liquid in the tank, and as the injection 
and waste steam water accumulated, it would tend to increase 
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the height of the column, which, not heing balanced heyond a 
certain point, would gradually sink down, and so the products 
of condensation, as we may call them, would gradually pass 
away into the lower tank. For each inch added at the top of 
the column in the stand-pipe, an inch would escape at the 
bottom. The column would, in short, act the part of an admir- 
able pump in all respects but one. It would not withdraw the 
air, which would gradually accumulate until the pipe filled and 
the vacuuiQ ceased to have any existence. Then the waste 
would blow through and expel the air. Under certain conditions 
the steam would next be condensed, and the vacuum be restored ; 
but for much of its time the engine would work against back 
^-,Q ,ji pressure. By the aid of a small pump, 

liowever, the air alone may be with- 
drawn, and with this addition the 
gravity condenser becomes very effi- 
cient. 

But a fall of 34 ft. is essential to 
uch a condenser, as with a less fall, 
water might regurgitate into the cy- 
linder, and this fall can be had in very 
, few cases. It is not easy to provide 
a tank 34 ft. below an engine and a 
good discharge for the waste water 
■ at the Bame time. To pump the 
waste up would be poor economy, 
so tliis form of condenser is seldom or never used. If, how- 
ever, instejid of placing the tank below the level of the engine, 
we put it on the same floor, and carry the steam up to a height 
of 34 ft. above the tank, we shall attain the same end. 

A diagram of the well-known syphon fountain is shown on 
the right hand of Fig. 151. From tiie bottom of a cylindrical 
glass vessel proceed two tubular legs, one much longer than the 
other, the shorter ends within the glass in an adjut^e or jet. 
On immersing the shorter leg in a vessel of water, and partially 
exhausting the air from the apparatus, the water will spout up 
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into the glass as shown, and flow away by the longer leg, in 
which a column of water will stand determined in height by the 
degree of exhaustion within the glass. If, now, steam were 
admitted through the top of the glass at the top pipe, it would 
be condensed continuously by the jet ; and if the long leg were 
34 ft. long, and the orifice of the short leg so contracted that 
water could not get in fast enough to piirtially fill the upper 
vessel or condenser, and so spoil the jet, we should have a 
perfect condenser. And it is obvious that the situation of this 
condenser in relation to the engine, would be of little moment, 
as the waste steam pipe might be led in any direction and to any 
height. 

We have yet to explain how the air is to be got rid of and 
the water, which results from the condensation which must take' 
place in the rising steam pipe, to be expelled from the apparatus. 
The top of the syphon, however, would really terminate in a box 
fitted with two valves, so arranged that before one was opened 
the other must be closed, as roughly illustrated in Fig. 151. 
In the rising pipe little or no air will accumulate, as the 
constant current of steam will carry it forward into the top of 
the descending main. The space allowed above the standing 
column of water should not be too great. In the absence of the 
box the air could only be expelled by shutting off the injection 
and suffering steam to accumulate till the water was driven 
out of the down pipe, and the condenser well blown through. 
Unless the injection tank stood high the injection would not 
flow again until condensation took place and a partial vacuum 
was restored ; but to do this the engine must be stopped or the 
waste steam turned out of the apparatus, and even then it would 
be a work of some little time. By the use of the expedient 
shown this objection — an objection great enough to condemn 
the whole principle — is got rid of. When air accumulates the 
valves are to be drawn down. The injection will still flow, and 
the column of water in the stand-pipe remain unaffected in 
height, because the lower valve effectually prevents the entrance 
of air. The waste steam will then escape through the upper 

L 
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orifice instead of being condensed, carrying with it much of the 
air. After a couple of strokes of the engine the valve is 
restored to its normal position, as in the central figure, and con- 
densation proceeds as before, without a moment's loss of time. 
AH the air cannot be thus removed, hut a little reflection 
will show that its quantity can thus be kept within limits 
incapable of materially afiecting the vacuum. The action of the 
valves can be rendered automatic by many devices which will 
suggest themselves to our readers ; and we need hardly point 




out that the arrangement of this air-trap, as we may term it, 
admits of great modification. 

The water of condensation may be coUected in a ball or trap, 
and thence expelled at the moment the air-trap is in action, or 
it may be got rid of by a modification of the ordinary steam- 
trap.* 

A very pimple arrangement of waterfall condenser and piping 
is illustrated by Fig. 152, that has been used in sugar refineries 
* See " Engineer," Oct. 2nd, 1868. 
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durftig the last twenty years, but has been patented by a 
Messrs. Shirt and Bri^^, of Tamworth, for the condensation of 
the steam of high pressure steam engines, p,o. 153. 

for which an air-tight tank is connected to 
the exhaust pipe of tho engine ; and above 
the point where the exhaust pipe is jointed 
to the tank, there is a perforated partition 
for dividing the condensing water into nu- 
merous streams. The condensing water is 
introduced by a pipe at the upper part of the 
tank, from a cistern or otherwise, so as to 
keep up a constant supply, which may be 
regulated by a cock or valve. From the 
lower part of the tank a waste water pipe 
descends, and the lower end of such pipe 
is constantly covered with water in a well 
or cistern. The exhaust steam flows from 
the steam cylinder into the tank, and is there 
condensed, whilst the fresh steam in the cy- 
linder acts on the piston, which on the other 
side is subject to a partial vacuum. 

A more complicated arrangement is illus- 
trated by Fig. 153, which is "fed" by 
water that rises into the apparatus at a 
pressure either due to the height it falls from 
or by the vacuum caused. The mechanical 
construction is thus : — 

The injection pipe surrounds the steam 
pipe, so that the injection water will par- 
tially condense the steam in that pipe before 
it reaches the top part of the condenser. The 
discharge pipe or passage is the annular 
space formed by the outer case which sur- 
rounds the injection pipe. The discharge pipe 
descends beyond the cross branch pipes, and 
passes tlurough the disehai^ branch into the hot well. The 
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three pipes are arranged concentrically one within the other,* and 
are thus combined in one pipe, and are connected with the shell 
of the condenser. In this manner the unequal expansion of the 
pipes is accommodated, and support is given by each to the othen 
The top end of the steam pipe is open, and discharges the escape 
steam against the cap or cover of the condensing chamber. The 
rose upon the upper end of the injection pipe fits loosely around 
the steam pipe, and the perforated plate is also fitted loosely 
around the injection pipe, in order to compensate for any un- 
equal expansion or contraction of the pipes. This apparatus 
must stand in such a position as will give the discharge pipe a 
perpendicular fall of water to the hot well of thirty-four feet, or a 
column suflBcient to balance the weight of the atmosphere. 

The operation of the condenser is as follows : — The steam 
branch pipe being connected with the exhaust pipe of the steam 
engine, and the injection pipe being made to communicate with 
the rose, which is connected to a suitable injection pump if 
preferred, the engine is started, the exhaust steam and injection 
water through the rose come in direct contact, and the velocity 
of both being stopped by the cap, or top of the condenser, time 
is given for a thorough mixture of the cold water and steam. 
Condensation will then take place, and the water, by falling 
upon the perforated plate, will be further detained in order to 
give time for a perfect condensation of the steam ; the condensed 
steam and water will then fall down into the discharge pipe 
through the plate. The discharge pipe being open at the lower 
end and submerged below the surface of the water in the hot 
well thirty-four feet from the condenser, a column of water is 
obtained whose weight equals that of the atmosphere, and will 
therefore exhaust the condenser, and draw all the condensed 
water from the engine and escape pipe over into the discharge 
pipe, and also lift the water of injection in the pipe from a depth 
proportionate to the vacuum formed in the condenser. 

A still more curious apparatus has been invented and applied 
with success by Mr. M'Carter, of Londonderry, as illustrated by 
Fig. 154, in sectional elevation and plan. 
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The working of this apparatus is that the condensation is 
effected by injecting cold water into the condenser, which is made 
in two compartments, higher and lower. The exhaust steam 
pipe from the engine communicates with the top of the higher 
compartment, and this has in the bottom an aperture, with a 
valve opening into the lower compartment, whilst the latter .has 
also in its bottom an aperture, provided with a valve opening 
into the discharge pipe. The in- 
jection water enters by a nose nozzle 
projecting into the upper part of the 
higher compartment. A valve is 
on the top of this condenser, for 
allowing any escape of air when 
blowing through before starting, . . 

The condenser valves which open 
the communication between the 
higher and lower, condensers, are 
metal discs, faced with india- 
rubber, and are kept in their places 
by spiral springs coiled round each 
spindle, the requisite amount of 
elasticity being regulated by a 
screw and nut above. Previous to 
starting the engine it is necessary 
to blow the air out of the upper 
vessel. This is done by a small 
pipe and cock from the boiler. 
Tappet gear and air, water, and 

steam valves are in connection with carter's Double CoDdensem IHT Tappet 
ill A InxirAr nnnAavk^ar' VaWe Gear, for the oondensatiou of steam 

ine lower conaenser. ^j^j,^^^ ^„ ^j^. p^^p^ ^^^^^ .^ ^^ ^^ 

The engine being started, the ^^^^* 
condensation goes on in the ordinary way, the injection water 
being brought from the river or tank by the vacuum formed 
in the condenser. The engine having made a certain number 
of strokes, steam from the boiler is admitted through the 
steam valve, which displaces any air which may be in the 
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lower vessel. The water valve being then opened, a small 
jet of water is thrown into it, which condenses the steam used 
for displacing the air, thereby forming a vacuum, similarly 
as in the upper vessel, upon which the upper condenser valve 
opens and allows the products of condensation to fall into the 
lower condenser. By the revolution of the shaft and tappets 
the air valve is then opened, which destroys the vacuum in 
the lower vessel, and allows the water to fall down the waste 
pipe, the operation being repeated continuously. 

The steam pipe from the boiler to the lower condenser, used 
for displacing the air and forming the vacuum, is furnished 
with a reducing valve, by which the pressure is reduced to about 
one pound above the atmosphere, this being found sufficient 
pressure for the purpose, and making the quantity of steam used 
very small, because the lower vessel only requires blowing out 
at about every fifteen to twenty strokes of the engine ; that 
being, of course, operated by the tappet gear. 

Ejector Condensers, — The introduction, about fifteen years 
ago, of Giffard*s injector for feeding boilers, created a great deal 
of wonder amongst the unthinking engineers who could not 
comprehend how a boiler could **feed itself," as we heard it 
expressed then, without a water pressure under the feed valve 
as in Watt's time. It seemed puzzling why steam and water 
combined should overcome the same initial pressure of steam in 
the boiler, and therefore enter the same as feed water. The 
secret, however, was contained in the fact that the injector was 
a condenser^ and thus atmospheric pressure was added to that of 
the steam, and the two pressures combined being more than the 
steam pressure, the water was easily forced into the boiler. 

A whirlwind of ideas soon came into contact, and sundry 
inventors rushed to protect their improvements, as they termed 
them, on the original injector — which by the way is the best 
after all — and about ten years ago a bright conclusion came to 
light from some one, that the injector was actually an ejector ; 
thus the whole of the tirade of former explanations were rattled 
away as so much lost work and base thought. 
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We have attended meetings at some of our leading institutions, 
and beard the injector explained in volumes of language, illus- 
trated with innumerable diagrams, but with no conclusion beyond 
it being a wonder ; whereas, in point of fact, if the matter had 
(been considered naturally, and therefore simply, it would have 
been understood there and then, that it was the condensation of 
the steam that caused the result, and nothing more. We did 
hazard once in our mild way that such was the case, by way of 
explanation, but our efforts were so f,q. 155. 

speedily crushed by the learned in the 
case, that we gave up the contest. 

In the year 1863 Messrs. Barclay 
and Morton, of K. B., patented an 
ejector condenser, as illustrated by Fig. 
155. The actuating pressure enters by 
the vertical top branch, and the fluid 
acted upon enters by the lowest branch ; 
then both fluids unite between the two 
fiat annular fixed surfaces within the 
intermediate or discharge chamber. 
The adjustable conical centre piece is 
formed with its spindle, which passes 
through a stuffing-box, and on it is 
flxed a hand wheel, which serves to 
regulate the admission of the fluids by 
a screw chased upon the spindle itself, 
and working freely within a correspond- 
ing thread formed in one end of the 
apparatus. Near to the conical centre 
piece a guide is formed with three or more radiating aims ex- 
tending to the interior sides of the apparatus, so as not to ob- 
struct the passage of the fluid. 

Another arrangement is illustrated by Fig. 156, showing that, 
instead of both the flat annular surfaces being fixed at a certain 
distance apart, the upper disc is made with a hollow spindle, 
through which a rod passes, and is worked by means of the 




>i»(! Ejretor, 

Rri^ of fluid*, patCDUd ll 
tbt jar 1863. 
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pulley. A hand wheel ia keyed on the hollow spindle, which, 
when tamed round the distance between the discs, can be made 
either greater or less to a nicety through the intervention of the 
screwed portion. This hollow spindle, passing through a stuff- 
ing box, and having a groove filled with packing, prevents any 
passage of steam outwardly, although admitting a iiree pass^e 
for the steam entering through the slots or holes shown. 
Within the dischai^ chamber and around the disc an annular 





projection, in connection with the overflow branch, is formed 
within a certain distance of another similar projection cast on 
the other half of the dischai^e chamber, so that a free slot all 
rovmd the periphery of the discs, and at some distance therefrom, 
receives the discharge water, which may be made to issue with 
great force by turning the hand wheel so as to admit more steam. 
Fig. 157 represents another form of discharge chamber with 
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stationary discs and an adjustable centre piece passing tbroogh 
a hollow spindle of another adjustable disc for regulating the 
admission of the steam. On taming the hand pulleys, the 
steam and water may be regulated to the greatest nicety, the 
one being for the steam and the other for the water. 





Shtppard'i Ejedcr for tha oaodnuitJOD of 
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Sheppird't AKcnUon of tha ardiiwry Qif- 
fiird'a Injector to ■ CondenMr-^jector, H 
applied ia tba jtti lBa7. 

In the early part of the year 1 867, Mr. Sheppard of Glamor- 
ganshire applied an ordinary Giffard's injector, with suitable 
plu^^gs, as a condenser-ejector to an engine, as illustrated by 
Pig. 158. That being successful, he was induced to constmct 
the more simple arrangement — but the same in prindple as the 
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former — as illustrated by Fig. 159, the application of which is 
shown by Fig. 160. fio. leo. 
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About this time Mr. Barclay stepped forth 
alone iu this matter with bis arrangement as 
shown by Fig. 161, which is an illustration of 
a double steam nozzle ejector, suitable for two 
cylinders at the same moment of requirement. 
He also introduced at that time a slightly 
different arranged ejector to the previous ex- 
ample, and added a steam chamber to equalise 
the flow of the steam, as illustrated by Fig. 162. 

Mr. Morton then came forwarti as a rival 
to Mr Barclay — and not as a colleague with 
him, as in the year 1 863 — with the arrangement 
as illustrated by Fig. 163, which shows a double 
nozzle ejector also, but of a little more simple 
character than Mr. Barclay's, with the advan- 
tages of introducing a steam jet necessary to 
raise water for the process of condensation 
on starting the engines, and dispending thereby 
with the spindle and its appendages. The main 
injection water enters at the top side branch, 
and the steam enters at the two branches below 
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opposite. When the eogine has started, the steam-jet can be dis- 
pensed with, and the process of condensation carried out by the 
water passing through the centre of the apparatus and receiving 
an impulse from the annular jet of steam entering through the 
top steam-pipe, which produces a vacuum in the lower steam- 
pipe, and a similar impulse produced fix)m one produces a vacuum 





njeru'itiaii of ateun, fitted w 
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oF coudeof isg. 



Morton'* Donhle Noiik Kjtctor foi- the 
caodfoulion of tteam, titled wilti n 
IStao) Jit NdhIb Pipe to raise the 
inJMtioii wster, patented in \bt year 



in the other pipe, respectively and alternately as the steam 
escapes from the two cylinders. 

When a head of water of about seven or eight feet can be 
obtained, the central steam-jet may be dispensed with altogether, 
or, when a pump is used for forcing the central jet of water 
through the jet nozzle and apparatus, it may be advisable or 
necessary to use a regulating spindle, as shown by Fig. 164, so 
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that it may be adjusted to regulate the inlet flow of water in an 
, annular jet or stream to suit the speed of the water &om the 
pump. 

Pig. 165 is a vertical section of a liquid current inducing 
apparatus, applicable for the raising of water direct through 





Uorton'i Liqnld-Cumnt-IndudDg Ap|)a- 
cton pr«- 



tubes or pipes, either for supplying a head of water for working 
the former arrangements, or for raising water generally for the 
Tarious purposes of condensation. When appHed, it may be 
placed in the main range or length of pip^ through which the 
water is to be raised at any distance above the surface * of the 
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water to be msed ; within the limits of that required for any 
ordinary lifting pump ; and the height to which that water can 
be raised in the pipes above it depends wholly on the velocity of 
the actuating steam used and entering at the side branch pipe, 
which may be regulated by a valve or cook so as to act with any 
desired lateral force through the annular narrow jet round the 
end of the central nozzle, through which the water passes 
from the main pipe in a cylindrical stream or column forced 
and drawn in through the short induction central tube or nozzle 
by the said annular jet of steam, and thence up through the 




BaFclaj'i Am]^;«m«Dt of Ejtdor, Condcnwr, uid Appendagei, with 
MBorkitig liiJ«tiouValve,uipptiidtotlMCjliiidn'orhLi)''oundi']' 
Eugiu in Uw jeu- IStiS. 

main long induction tube or pipe ; the small induction tube by 
preference being cased as shown, the small portion of condensed 
steam on the outer surface of the tube is forced through the 
annular slit or jet at its end into the neck of the induction tube, 
which expands in area in an increasing curve. A lateral branch 
pipe is made to lead into the main water pipe opposite and 
close below the nozzle, which is to be fitted with a cock for 
experimental purposes when required. 

The next example we refer to is by Mr. Barclay, as illustrated 
by Fig. 166, which is a sectional elevation of the ejector and 
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appendages as constructed and applied by him to his foundry 
engine in the year 1869. The working of the apparatus is that 
the spindle or injection-valve is opened slightly during each 
completion of the stroke of the cylinder-piston, sufficiently to 
admit water enough to condense the steam and form a vacuum. 
This valve is worked by an eccentric and suitable gear. The 
cistern on a level with the slide valve is fitted with an injection 
water spray-plate, and a clack valve below it, that opens or closes 
a communication with the point or position of condensation 
directly under the spindle or injection valve ; and thus, when 
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Moiion's Arrangemeut of Ejector fitted to Inverted Diiect-Acting High-Pressure 
Engines, for the condensation of the steam, iu the year 1868. 

the clack valve opens, the water behind it is heated and used as 
feed water for the boiler. The cistern below the other is the 
hot well, fitted with a clack or non-return valve also. 

In the same year, 1868, Mr. Morton made some practical ex- 
periments in these matters, and Professor Bankine reported on 
them in the following manner : — 

" Eeport op Expekiments on Engines at Albert Works, 
Glasgow. — The ejector-condenser was applied, as illustrated by 
Fig. 167, to a pair of vertical inverted direct-acting steam 
engines, which exerted collectively a power averaging about 
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24 indicated h.p. The nominal power of these engines is col- 
lectively 7 H.P., if we apply the ordinary rule for low-pressure 
engines, or 1 5 h.p. if we apply the ordinary rule for high-pressure 
engines. The dimensions of the engines and of the condensing 
apparatus, and the results of the experiments, are given in detail 
in the first table; but as regards the engines, it may be 
convenient to state here that their two cylinders were of 18 in. 
stroke, and about 10|- in. diameter, that they ran at from 93 to 
140 revolutions per minute, and that the steam-pressure gauge 
indicated from 30 to 40 lbs. on the square inch above the atmo- 
spheric pressure, which at the time was 14*751bs. on the square 
inch. It may be remarked that the experiments throw light on 
other questions besides the efficiency of the new condenser ; and 
in particular, that the accurate measurement of the quantity of 
condensation water, and of its change of temperature, afibrds the 
means of calculating the total expenditure of steam, and com^ 
paring it with the quantity of steam eflTectively used in doing 
work, as indicated by the diagrams. 

The principle of the invention may be described as follows : 
— In every injection condenser the cold water rushes into the 
vacuum with a velocity of 43 or 44 feet per second, or there- 
abouts. The exhaust steam rushes from the cylinders into the 
condenser with a velocity which is many times greater than that 
of the water. In the common condenser those rapid motions of 
the water and of the steam are completely checked, and their 
energy is wasted in agitating the fluids in the condenser, and 
ultimately in producing heat ; and hence it becomes necessary 
to use an air-pump in order to extract the water, air, and un- 
condensed steam from the condenser. The power expended in 
working a well-proportioned and well-constructed air-pump is 
known by experiment to be equivalent to that which would 
overcome a back-pressure on the steam-piston of from i lb. to 
I lb. on each square inch of its area, or on an average about 
0*6 lb. on the square inch ; and that amount of power is lost 
through the wasting of the energy with which the jets of water 
and steam rush into the condenser. In the ejector-condenser 
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the motion of those jets meets with no interruption ; and its 
energy is found to be sufficient, without any assistance from 
pumps, to carry all the water, air, and uncondensed steam — if 
any — completely out of the condenser and into the hot well, 
and thus to save the power which would be required to drive an 
air pump. 

The principal parts of the condensing-apparatus on which my 
experiments were made may be summarily described as follows : — 
The cold water passes from the tank to a conoidal nozzle : the 
area of the orifice of that nozzle is about equal to that of the in- 
jection sluice of a common condenser suited for the same engine : 
that is to say, about ^rsiy^^ P^^ ^^ ^^^ collective area of pistons. 
Enveloping the cold water nozzles are a second and a third 
nozzle of nearly similar figure ; these bring the exhaust steam 
from the two cylinders respectively. The middle nozzle has an 
orifice a little larger ilian that of the innermost, or cold water 
nozzle: the outermost nozzle ends in a throat or contracted 
vein, a little larger still, beyond which is a gradually widening 
trumpet-shaped mouthpiece, leading to a pipe which ends at (he 
hot well. 

The condensation of the steam takes place in the interval 
between the orifice of the cold-water nozzle and the throat of 
the outermost nozzle. 

The completeness and efficiency of the condensation were 
tested by vacuum gauges and by indicator diagrams. By both 
means of testing, the left-hand cylinder, which exhausted into 
the middle nozzle, showed a rather better vacuum than the right- 
hand cylinder, which exhausted into the outermost nozzle. The 
average results of the whole of the experiments were as follows : — 

Mean yacanm shown by gauges, in inches of mercnry . . 24*5 

Ditto, ditto, in lbs. on the sq. in. . 12*0 

Mean yacumn in cylinders, during return stroke, as shown by 

the indicator diagrams ; lbs. on the sq. in. . . . . 10*7 
Which, being subtracted from the atmospheric pressure at the 

time 14-75 



Leaves, as the mean back-pressure in the cylinders during the 
return stroke, in lbs. on the sq. in 4*05 
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The back pressure in different experiments ranged between 
8 and 4^ lbs. on the square inch. These results are at least as 
good as the average results as to vacuum and back pressure ob- 
tained by means of the common condenser ; and they show the 
condensation of the steam and expulsion of the water, air, and 
vapour, to be at least as complete and efficient. 

J have estimated the saving of power through the dispensing 
with an air-pump as being equivalent to the doing away with a 
resistance of 0*6 lb. per square inch area of steam-pistons ; and I 
find it to be on an average of the several experiments just one 
horse-power, being about 4 per cent, of the mean indicated 
power of the engines. 

I have calculated the energy of the jet of cold water, and I 
find it to be about f of a horse-power. This forms the greater 
part of the energy which is wasted in the common condenser, 
rendering an air pump necessary. 

The experiments then, so far as they have gone, lead to the 
following conclusions : — 

First. That the action of the ejector-condenser is at least as 
efficient as that of the common condenser, with its air pump ; 
and 

Secondly. That by the use of the ejector-condenser the 
power required to drive the air pump is saved. 

I have calculated — ^as the following Tables show — the total 
quantity of steam expended from its effect on the temperature of 
the condensation water ; and it proves to be on an average about 
two and a half times the quantity which performs work in the 
cylinder, as calculated from the indicator diagrams. When 
applied to engines that are free from this defect, it may con- 
fidently be expected that the new condensing apparatus will 
give, as regards vacuum and back pressure, results surpassing 
even the very good performance which has been described. 
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TABLE OF EXPERIMENTS 

Made on the 27th Ootobeb, 1868, on a Faib of Engines at the Works of 

Messrs. Neilson Brothers. 



Cylinders. 

Area of each, allowing for piston rods, about . . . 80 sq. ins,. 
Stroke 1-5 foot 



Cold Water Nozzle. 

Diameter H" = '8125" 

Area -638 sq. in = -00443 sq. ft. 



Water Tank. 

Area ..... .... 8' x 3i' = 28 sq. a 

Mean depth of surfiAce below level of nozzle 5*25 feet 

Waste Water Nozzle. 

Diameter of throat |f " = -9375" 

Area of throat *690 sq. in. = '00479 sq. in. 

Diameter of mouthpiece 30" 

Area of mouthpiece 7*07 sq. ins. = *0491 sq. fL 

Cold Water Supply. 

Mean rate of flow in cubic feet per minute . . 28' x *41 = 11-48 = 716'4 lb. 

Ditto ditto per second . 1913 = 1194 lb. 

Velocity of cold water through nozzle, feet per second . :^t4S =" ^"^ 

FeeL Lbs. per aq. in. 

Head due to that velocity 29 = 12*57 

Add mean height to which water is lifted 5*25 = 2*275 



Total head 34*25 = 14*845 

Temperature 47°Fahr. 

Mean work per minute done in raising and propelling water-jet, exclu- 
sive of friction .... 716*4 x 34*25 = 24637 ft lbs. = '744 i.h.p. 



Barometer. 
30*05 inches mercury = 14*75 lbs. on the square inch. 
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Bt. Hand Cylinder, i Left Hand Cylinder. 



}. 



No8. of diagrams 

Revolutions per minute .... 
Steam-gauge above atmosphere, lbs. on 
the square inch 

Do., do., absolute 

Vacuum-gauges below atmospherOf lbs.r 
on the square inch. .•..*! 

Do., do., absolute < 

Mean back pressure 

Absolute pressure of release . . • 

Initial absolute pressure .... 

Mean effective pressure 

Mean absolute pressure . . . • . 

Temperature of waste water (Fahren 
heit) 

Elevation of temperature above cold*! 
water .....•.../ 

Heat carried off by water, British unitsj 
per minute / 

Velocity of pistons, feet per minute 

Load of one piston, lbs 

Indicated work of one cylinder, ft. lbs. I 
per minute ........ J 

Do., do., two cylinders 

Indicated Jiorse-power 

Indicated work per minute reduced to j 
equivalent quantity of heat . . . / 

Total expenditure of neat, British units I 
per minute f 

Efficiency of engines 

Volume of steam exhausted as shown '^ 
by indicator in cubic feet per minute/ 

Volume of 1 lb. in cubic feet 

Weight of steam shown by indicator in'^ 
lbs. per minute / 

Temperature of steam at end of stroke \ 
(Fahrenheit) / 

Total heat per lb. of that steam fromV 
temperatiue of waste water . . . / 

Heat of condensation of steam indi-i 
cated j 

Heat carried off by waste water (as) 
before) / 

Actual expenditure of steam in lbs. per 
minute, as calculated from heat of 
waste water 

Proportion in which steam actually 1 
condensed exceeds indicated steam . j 

Work in ft.-lb8. per minute saved by 
dispensing with the air-pump, es- 
timated as equivalent to 0*6 lb. pres- 
sure per square inch of steam piston 

Do., indicate horse-power .... 
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* First result is for left hand, and second result for right hand engine. 
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Abstbagt of Prinoipal Mban Results. 

Mean power saved by dispensing with air-pump, indicated h.p. . . 1*0 

Mean indicated h.p. of engines 23'8 

Mean back-pressure in cylinders, lbs. on the sq. inch .... 4*05 

Mean yacuum in cylinders, ditto, ditto .... 10*7 

Mean vacuum shown by gauges, ditto, ditto .... 12*0 

Ditto, ditto, ditto, in inches of mercury . . . 24*5 
About two-thirds of the indicated power were due to the vacuum in 
the cylinders. 

Temperature of the cold water 47** P. 

Mean temperature of waste water 831^ F. 

Mean increase of temperature . , 36P F. 

The condenser was about 5 feet above the tank from whence 
the water was drawn ; so that the water had to be lifted to that 
extent. In calculating the pressure due to the velocity pliLs 
that of 5 feet of water, the sum was found to be a little greater 
than the atmospheric pressure of 14*75 lbs. upon the inch. This 
must have been caused by the impulse of the steam aiding 
the atmospheric pressure in accelerating the jet. 

Eeport op Experiments at Btesholm Pit, near Dalrt, 
Ayrshire. — The engine on which the following experiments 
were made is a single-cylindered double-acting horizontal steam 
engine. It drives a fly-wheel shaft, which, by means of suitable 
gearing, and a pair of bell-crank levers, works a pair of pumps 
for raising water from a pit. The work done by the engine at 
a given speed is thus practically constant. During the experi- 
ments a uniform speed of 22 revolutions per minute was kept 
up ; and the indicated horse-power was 24^. The cylinder is 
without a steam jacket; consequently some heat is wasted 
through condensation and re-evaporation in the cylinder, which 
might be saved if there were a jacket. Throughout the experi- 
ments the engine was worked at full steam, the admission going 
on from the beginning to the end of the stroke. The diagrams 
taken show a fall of pressure at the end of the stroke to the extent 
of about 3 lbs. on the square inch, below the initial pressure ; and 
this is one of the effects of condensation in the cylinder. They 
also show a gradual formation of the vacuum, during the earlier 
part of the return stroke ; and this is an effect of the re-evapora- 
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tion of water previously liquefied in the cylinder, through the 
want of a steam jacket. The engine was originally non-con- 
densing, and was converted into a condensing engine by the 
addition of an ejector-condenser. 

FBD¥On»AL DiMSNSIONS OF THE ENGINE. 

Stroke 41 feet. 

Diameter of cylinder 18 inches. 

Area of piston (allowing for half piston rod) . 252 square inches = 1*75 sq. feet 

Space swept by piston per revolution .... 1575 cubic feet. 

Space swept per minute, at 22 revolutions . . . 846*5 cubic feet. 

Mean speed of piston, at 22 revolutions per minute . . 198 feet per minute. 

Geneeal Description op the Experiments. — The engine 
being kept working at the before-mentioned steady speed of 22 
revolutions per minute, the quantity of water discharged from 
the condensing apparatus was measured by means of a suitable 
gauge ; and the rise of temperature of that water was ascertained 
by comparing together two thermometers, one in the cold well 
and the other in the hot well. Thus were obtained data for 
calculating the total expenditure of steam, from its heating effect 
on the condensation water. Indicator diagrams were also taken 
to show the power, and the pressure and vacuum in the cylinder 
when working as a condensing engine. The exhaust pipe of the 
cylinder was then disconnected from the condensing apparatus, 
and made to discharge the exhaust steam into the air. The 
engine was thus made to work as a non-condensing engine, 
at the same speed and against the same load as formerly ; and 
indicator diagrams were taken to show the pressure in the 
cylinder under these circumstances. All the diagrams showed 
the same mean effective pressure, viz., 16*2 lbs. on the square inch ; 
and the same power, viz., 24^ i.h.p. The boiler pressure, as 
shown by the steam gauge, ranged from 29 to 32 lbs. on the 
square inch above the atmosphere ; but in all the experiments, 
whether with or without condensation, the pressure in the 
cylinder was greatly reduced by means of the throttle valve. 
The vacuum gauge, when condensation was used, remained 
perfectly steady at 24 inches = 11"76 lbs. on the square inch ; 



166 THE CONDENSATION OF STEAM 

and this is sensibly identical with the greatest vacuum shown 
by each of the diagrams. 

Experiments made without Condensattoh. 

Initial pressure of steam ; lbs. on the square inch above atmosphere . 19* 
Final pressure, ditto, ditto, ditto . 16* 
Weight of steam expended in lbs. per hour, as calculated from final pres- 
sure in cylinder .......... 1578* 

Ditto, in lbs. per i.H.r. per hour 64*4 

W'eiglit of steam expended in lbs. per hour, as calculated from initial 

pressure in cylinder ......... 1731' 

Ditto, ditto, per i.h.p. ix?r hour 70*7 

Experiments made with Condensation. 

Initial pressure of steam ; lbs. on tlie square inch above atmosphere . . 9* 

Final pressure, ditto, ditto, ditto . . 6* 

Vacuum at end of exhaust, lbs. on the square inch 11-7 

Weight of steam expended in lbs. per hour, as calculated from final pres- 
sure in cylinder 1086" 

Ditto, ditto, per i.h,p. per hour 44*3 

Weight of steam expended in lbs. per hour, as calculated from initial 

pressure in cylinder 1234' 

Ditto, ditto, per i.h.p. per hour 60*3 

Hence it appears that when the expenditure of steam is 
computed from the indicator diagrams, it is found to be reduced 
by the addition of the condensing apparatus to about seven- 
tenths of its previous amount, when the engine is doing the same 
work : in other words, the saving is 30 per cent. 

Eesults op Experiments on the Condensation Water. — 
The quantity of water discharged from the condensing apparatus 
w<is gauged by causing it to pass out of a tank through an 
accurately turned and measured circular orifice in a thin plate 
of sheet iron, and measuring the height above the centre of that 
orifice at which the surface of the water in the tank stood. The 
following are the data and results : — 

Diameter of the orifice, inches 8*5 

Total area, in fractions of a square foot '06682 

E£fectiye area, the co-efficient of contraction being '618 . . . '0412 

Head of water in tank 1^ foot 

Velocity at contracted vein produced by that head, feet per second . 9-03 
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Discharge, cubic feet per second •872 

Ditto, ditto, per minute 22*32 

Ditto, ditto, per hour 1339-2 

Ditto, lbs. per hour 83430- 

Temperature, cold well 52°rahr. 

Ditto, hotweU 70°Fahr. 

Difference 18°Efthr. 

Units of heat (British) per hour given by the steam to the water, 

very nearly 1,602,000 

Total heat of steam from 52° at 230° — being the temperature cor- 
responding to final pressure in cylinder — British units . . 1,131 
Total steam condensed in lbs. per hour, as calculated from effect on 

water of condensation 1828* 

Ditto, per lhj». per hour 54'2 

The excess of the total expenditure of steam, as thus com- 
puted, above the expenditure as shown by the diagrams, is to be 
accounted for mainly by condensation and re-evaporation in the 
cylinder, which go on in all engines not provided with steam 
jackets. 

Further Comparisons of Expenditure op Steam. — The 

calculations of the expenditure of steam in pounds per hour, and 
in pounds per indicated horse-power per hour, with and without 
condensation, are here recapitulated : — 

Lbe. Steam ^^1^^ 
With Ck)NDBNBATiON. P^ '^^^- per Hour. 

A. Calculated from final pressure, as shown by diagram 1066 44'3 

B. Calculated from initial pressure, as shown by diagram, the 

&11 of pressure during admission being ascribed to 

liquefaction in the cylinder 1234 50*8 

C. Calculated from effect on temperature of water discharged 1328 64*2 

Without Condxnbation. 

D. Calculated from final pressure, as shown by diagram 1578 64*4 

E. Calculated from initial pressure, as shown by diagram, the 

fall of pressure during admission being ascribed to 

lique&ction in the cylinder 1731 707 

The diflterence between the numbers marked B and C in the 
preceding table — viz., 94 lbs. per hour, or 3*9 lbs. per indicated 
horse-power per hour, being 7 per cent, of the total expenditure 
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of steam marked C — represents the quantity of steam lost, or 
ineffectively expended, through the following causes : — 

1. Filling cylinder-ports and clearance. 

2. Liquefaction immecQately on entering the cylinder — fol- 

lowed by re-evaporation during return stroke. 

3. Leakage past the packing of the piston. 

4. Expenditure at the starting^jet of the condensing appa- 

ratus. 

It is evident, however, that the first three causes alone are 
sufficient to account for the whole, or nearly the whole, of a 
waste of steam amounting to seven per cent, of the whole ex- 
penditure ; and this is in accordance with the fact that, during 
the working of the engine, the cock of the starting-jet is kept so 
nearly closed that the escape through it must be almost inap- 
preciable, being just sufficient to prevent the suction of air at the 
small hole in the cylinder of the self-acting piston-valve, by 
which the starting-jet is regulated. 

When the engine was worked without condensation, there 
were no means of measuring the total expenditure of steam, 
including waste, as there were when condensation was used. 
If we assume, however, an allowance which is commonly made 
in practice for clearance, leakage of piston, packings &c., viz., 5 
per cent., we obtain the following probable estimate of the total 
expenditure of steam without condensation : — 

Lbfl. steam ^^ ®*®*™ 

per Hour. ^ ^^' 
*^ per Hour. 

E. Expenditure, as already calculated from initial pressure 1731 70*7 

Add 5 per cent, for clearance, leakage, &c. . . 87 3*5 



F, Probable total expenditure without condensation . . 1818 74-2 

G, Total expenditure with condensation, as before . 1328 54-2 



Difference, being net saving by the use of the ejector- 
condenser 490 200 

Being 27 per cent, of the greater expenditure. This, however, 
is probably a low estimate of the saving ; for it is based on a 
low estimate of the waste of steam in the non-condensing 
engine. 
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Useful Work. — The useM work done by the engine is 
calculated from the following data : — 

Diameter of backet of each of the two pumps 10 i inches. 

Stroke 4 feet. 

Height of lift 25 fathoms ^ 150 feet. 

Double strokes per minute, f ths of number of revolutions of en- 
gine, or 12| 

The results are : — 

Work, foot-lbs. per minute 550,368 

Effective horse-power 16*68 

Indicated horse-power, as already stated 24*5 

Efficiency, or ratio of effective to indicated power 0*68 

That is to say, 34 per cent, of the indicated power is the power 
expended in overcoming the friction of the pistons, valves, 
mechanism of engine and pumps, and pump plungers, and the 
resistance of pipes and valves to the motion of the water raised 
by the pumps. 

Conclusions. — The principal conclusions to be drawn from 
the experiments are^ that the use of the ejector-condenser effects 
a saving of steam, as compared with the expenditure of steam 
by the same engine when doing the same work without conden- 
sation, which certainly amounts to 27 per cent., and probably 
to 30 per cent. : that there is probably a greater proportionate 
saving in the fuel burned ; for it is weU known that a diminu- 
tion in the absolute quantity of fuel burned in a boiler increases 
the proportionate evaporative power of the fuel, by diminishing 
the waste of heat : that there is a steady vacuum of 24 inches 
of mercury, or 11*75 lbs. on the square inch: that the expendi- 
ture of steam by the starting-jet is certainly very small, and 
probably almost inappreciable: that the condensing apparatus 
is easily manageable, and not liable to get out of order : and 
that it has been added to the engine without requiring any addi- 
tion to the size of the engine-house, and without causing any 
inconvenience by the space which it occupies there. 

It may be remarked that the present example of the ejector- 
condenser, having been originally intended for a larger engine, 
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discharges a quantity of water greater tban is absolutely neces- 
sary for the condensation of the steam, and therefore at a lower 
temperature than if the condenser bad been specially designed 
for the engine ; and that it therefore does not show the advan- 
tages of the ejector-condenser to their full extent. 

Mr. Morton patented two very simple arrangements of single 
and double nozzle ejectors, as illustrated by Figs. 168 and 169, 
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in complete views, and a sectional view of the latter by Fig. 170, 
In starting these ejector-condensers the large hand-wheel 

should be turned so as to raise the central spindle, and thereby 

open the water nozzle. 

The small wheel shonld be screwed down so as to keep open 

the starting steam-jet until the engine is fairly at work. 
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Prior to starting the engine, open the steam stopcock, and the 
injection water will then pass through the apparatus and thereby 
form the vacuum. 




Birclij*! Ejcrtor-CandcDMr, fitted with a Cntml JH SiRitn Pipe, la b« 
HHd on ituting cIm Engine in the plus ofthe bide Jet Pipe, u ^hown 
by Fig. 170, patented in the year ISbS 

So soon as the engine is working at its usual velocity, the 
small wheel should he unscrewed, so as to allow the vacuum to 
automatically shut off the starting steam-jet. 

Mr. Barclay not having exhausted his ideas on this subject, 
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he patented in the year 1869 the arrangement of ejector and 
apparatus as illustrated by Fig. 171, which is a sectional eleva- 
tion of the ejector and steam-chamher to which it is connected, 
the top branch ou the left hand being in connection with the 
exhaust pipe of the engine cylinder. The ejector-condenser is 
shown in operation, and the central pipe, which communicates 
Fw. 172. to the boiler by the top-side branch, is there- 

1^^ fore lowered by means of the screw into a 

, I I. working position ; in this case it is shown 

^ as projecting into the combining, or lowest 
nozzle. The branch is provided with a stop- 
cock, not shown in the illustration, by which 
the steam from the boiler can be shut off 
and admitted as reqihred. 

The illustration, Fig. 172, is another of 
Mr. Barclay's arrangements of the central 
steam-jet ejector, and illustrates also the 
passage of the steam and water during the 
process of condensation. 

Mr. Barclay patented within the same year 
the application of an ejector in substitution 
for an air-pump for drawing off the injec- 
tion water, water of condensation, and the 
air from an ordinary condenser, as illus- 
trated by Fig. 173. The ejector is con- 
nected to the lower part of the condenser by 
the branch, and the overflow chamber is 
connected to the upper part or air space of the 
SufScient steam 
'^ to put the ejector into operation is admitted 
into the apparatus by the top branch ; 
when therefore the apparatus is in action, the injection 
water passing in through and lodging in the condenser is with- 
drawn through the branch passage, and the air and uncondensed 
vapour from the upper part of the condenser are withdrawn by 
the rushing action of the water-jet through the mt pipe. In 
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tliis manner the injection-water, water of condensation, oncon- 
densed vapour, and air are dl ejected through the discharge- 
throat of the ejector. 

Mr. Morton patented also various arrangements which, al- 
though of great similarity, warrant distinction. The first of this 
class is shown by Fig. 174, on the next page, Ulastrating that the 
exhaust steam from the engine cylinder enters the condensing 
apparatus by the left-hand branch, and is directed as shown by the 
arrow towards the throat of the indacmg tabe. The injection or 
inlet water enters by the nght-hand branch, and is also directed 




by the form of the inlet nozzle in a centra! or annular jet or jets 
towards the inducing tube ; and at each discharge of the exhaust 
steam from the cylinder or cylinders the jet of water receives an 
impulse from the exhaust steam, which is more than sufficient to 
propel it through the inducing tube against the pressure of the 
atmosphere. Between each alternate discharge of exhaust steam 
from the cylinders of slow going engines especially, the jet of 
water may not have sufficient force imparted to it to enable it to 
pass through the inducing tube ; then, in that case, it returns 
by the side pass^e and conical annular space again through the 
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return water jet nozzle, which is formed of nearly the same dia- 
meter as the inlet water nozzle, and at such a distance in front of 
it that the area of the annulus between the two nozzles nearly 
equals the area of the smallest diameter of the return water 
nozzle. Tbe return water, whilst passing through the outer 
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nozzle, therefore for the time being, stops the inlet flow of water 
through the next inner nozzle, until the next discharge of ex- 
haust steam from the cylinder gives the water a suflScient force 
to pass through the inducing tube, and this manner of returning 
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the water and alternately stopping its inlet flow during the 
interval between the discharges of steam from the cylinders 
form the chief improvements in this modification or arrange- 
ment of the parts. To prevent the possibility of the injection 
or inlet water flowing or returning back through the injection 
pipe, a non-return valve is- fitted on the suction side of the 
apparatus, and for a similar reason a valve is fitted at the lower 
end of the inducing tube, so that the discharge water can never 
return back through the apparatus. 

Fig. 175 is a vertical and a hori- ^'*- ^'*- 

zontal section of another modification 
of a similar apparatus, with the addi- 
tion of making the outer or last steam 
and water combining nozzle adjustable 
by means of the rack and pinion con- 
nected with the governor of the en- 
gine through the lever and rod, so 
that when the engine increases in 
speed the combining nozzle becomes 
adjusted at a greater distance from 
the water nozzle in accordance there- 
with. 

Fig. 176 is a sectional elevation of 
another modification, as adapted to a 
pair of cylinders with separate exhaust 
pipes, the exhaust steam from one 
cylinder entering the apparatus by 
the top branch, and that from the 
other by the lower branch. The chief 
feature in this modification difiering 
from the previous modifications shown 
by Figs. 174 and 175, consists in 
making the combining nozzle self- 
acting, or automatic ; thus, when the jet of water passing 
through the two outer nozzles is insufficient in force to pass 
through the inducing tube, it gathers in the space between 
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the combining nozzle and the tliroat of the apparatos or in- 
ducing tube, and thereby produces a force capable of moving 
the combining nozzle nearer to the water nozzle, and by 
so doing it increases the impulsive force of the exhaust steam, 
so that the water jet is propelled through the inducing tube 
with sufficient force, not only to discharge itself, but by its 
inducing action to Sxag with it that which had gathered in the 
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surrounding space, thereby producing a diminished pressure on 
the combining nozzle, when it again recedes from the water 
nozzles to its maximum working position. 

Fig. 177 is a similar section of a similar apparatus to that 
previously shown and described, but instead of the combining 
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nozzle being self-acting, as in Fig. 176, it is worked by a rack 
pinion and lever in connection with a lever keyed npon the 
shaft for reversing the lint motion of the engines. When the 
reversing link is in mid-gear the combining nozzle is at its 
minimum distance from the water nozzles, and when the re- 
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versing link is in foil gear, in either direction for ronning the 
engines forward or back, then the combining nozzle is at its 
maximum distance from the water nozzles, thus causing the 
combining nozzle to bear a constant relation to the position of 
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the reTersisglink and quantity of steam admitted to the engines 
and apparatus. 

Fig. 178 is a similar section of another modification of this 
apparatus, also for a pair of engines. In this modification, the 
first combining nozzle is made adjustable, instead of the second, 
as in the two former modifications, which in this case is station- 
ary ; otherwise the apparatus and the working of the movable 
pjq, ibi_ nozzle, or nozzles when more than one is 

used, are similar to those just described in 
reference to Fig. 177. 

Fig. 179 is an elevation and plan in sec- 
tion of a modification so arranged that the 
exhaust steam from a pair of cylinders 
enters the apparatus respectively from each 
by the rectangular branches at oppo- 
site sides, and acts in one combining nozzle 
common to both branches and cylinders. 
The combining nozzle is made adjustable, 
either regulated by the governor or link 
motion actuating mechanism, and is formed 
and fitted with the return pa^s^e and a 
return nozzle. 

Fig. 180 is a sectional plan and elevation 
of a modification of the apparatus, wherein 
two combining nozzles are used, with the 
branches for admitting the exhaust steam 
on each side of the apparatus, in connection 
with two separate nozzles, and the lower 
one being worked by a rack, pinion, and 
CirdiiT't'-teaiii jetuid Double Icvcr, which latter is iu couDection with the 
dHixtr, pMeoMd ui tba jmt eugmc govemor as in the other case. 
'**''*" Mr. Barclay followed immediately after 

this with his arrangement as illustrated by Fig, 181, showing that 
there are four nozzles, through the first of which is a blow-through 
steam jet pipe, and steam from the boiler is admitted, by the 
branch provided with the stopcock, down through and beyond 
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the second nozzle into the remaiDing nozzles. Oa starting the 
apparatus into action, and as soon as the steam jet has caused the 
water to flow, the other steam, which may be either steam direct 
from a boiler or that coming irom an engine or machine wherein 
it has performed a previous action, or from a vessel or chamber 
from which it is to be exhausted, is admitted through the two 




side steam branches, and it acts on the water as illustrated, 
while the starting jet admitted through the nozzle or blow- 
through pipe may or may not be wholly or partially shut off by 
the stop-cock. 
The next illustration, Fig. 182, shows another arrangement 



180 THE CONDENSATION OP STEAM 

of a compoand nozzle ejector in connection with a steam 
chamber. The mechanical arrangement being an important 
feature in this case, we may explain that on the perforated 
nozzle, lugs or projecting pieces are cast, and on their outer ends 
a screw thread is cut, on which the first short nozzle is secured ; 
and on this nozzle lugs or projections are formed, on which the 
second short nozzle is held, and similarly the third nozzle, the 
fourth nozzle being fixed into the body of the apparatus as 
shown. When the nozzles are thus put together, between each 
of the lugs or projections are spaces as shown by the transverse 
section^ and through those spaces the steam passes from the 
main branch and reaches the water that surrounds the jet pipe. 
This pipe is adjustable in position by means of the screw and 
handle, and is placed in connection with the steam from the 
boiler by the branch to which the valve box is attached. 

This box contains an annular lift valve attached to the spindle 
and link^ and by the lever and rod to the piston in the atmo- 
spheric cylinder. The lower part of this cylinder is connected 
by the pipe to the steam chamber, and a spring connects the 
lever to the valve cover to which the spring is hooked, and by 
means of its tension draws the lever downwards and keeps the 
valve shut, except at such times as it is opened by the atmo- 
spheric pressure acting on the piston^ namely, when the vacuum 
in the chamber is reduced too low to maintain the water flowing 
through the apparatus. At such times the valve^ being lifted, 
allows a little steam from the boiler to flow through the central 
nozzle or blow-through pipe^ and this maintains the water 
running until sufficient pressure is restored in the steam 
chamber ; it being certain that a very little pressure above zero 
in the chamber is sufficient to maintain the water in motion, 
that is to say^ a pressure equal to the difference between the 
partial vacuum'formed in the cylinders of the engine and a total 
vacuum ; but when the vacuum approaches too near the total, 
then the steam coming from the boiler prevents the apparatus 
from ceasing to act. 

The arrows indicate the passage of steam and water through 
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the apparatus, which when in action, the steam flowing from 
the steam chamber keeps the flap valve open, but when the 
ejector-condenBer is stopped, the atmospheric pressure acting on 
the water issuing from the lower and main dlschat^e pipe forces 
it back into the overflow chamber, where there is a vacuum or 
partial vacuum, and the flap valve p,g jgg 

being then shut prevents the water 
from passing into the steam 
chamber and the cylinders. By 
this arrangement of the five steam 
nozzles shown, it is obvious that 
the water jet issaing from the 
smaUer long nozzle receives a suc- 
cession of impulses of steam as it , 
is passing through them, and by 
means of this succession of im- 
pulses the water is caused to flow 
through the final nozzles more 
efficiently than hitherto. At the ' 
same time a greater number or a 
larger area of condensing surfaces 
of water are obtained — that is, a 
condensing surface between each 
pair of nozzles — than in apparatus 
of the kind as constructed with 
four nozzles. 

Fig. 183 is a vertical section of 
an ejector-condenser slightly dif- 
ferent in its arrangement from the Sectionni Etertti™ of BaraLij « compound 

1 • ,■,. Noiile Ejector CondCTner for two Cylinden, 

previous example, as m tms case a iUiutraUng tht proc«« dt condenui/aji. 
less number of such nozzles are "^ ' 

employed. The blow-through jet pipe is adjustable by the top 
screw and handle, and the steam nozzle is adjustable by means 
of the side-screw and handle. Two steam branches are em- 
ployed, and these may either be attached to a receiving steam 
chamber, or direct to the engine exhaust pipes. A piston valve 
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is used for admitting steam tbrougli the blow-tbrongli pipe or 
central jet nozzle, and it is actuated by means of the piston in 
tlie atmospheric cylinder, this cylinder being connected to the 
overflow chamber by the pipe. 

The next example is shown by Fig. 184, and specially illus- 
trates the placing of a stop-cock in the side passage which con- 
nects the branch surrounding the long nozzle with the chamber 
surrounding the steam or shorter nozzle. By this 
arrangement the water jet is started into action 
through the nozzles by admitting steam at the 
top-side branch, which rushes down through the 
long nozzle so as to flow with the water that 
is drawn into the apparatus through the lower 
side branch ; and as soon as the water jet is thus 
put into motion the stop-cock is opened into the 
position shown, and therefore allows the steam to 
pass into the lower passage or chamber, into the 
second short nozzle, and thence through the open- 
ings therein into the next short nozzle, and next 
to ultimately impinge upon the water jet at the 
flnal point. 

By means of this arrangement, the apparatus 
may be caused to inject or eject a small quantity 
of liquid, or condense a small quantity of steam, 
when the stop-cock is shut, or to inject or eject 
a larger quantity of liquid, or condense a larger 
BimW' EjeetOT- qu'uitity o^ steam, whcu the stop-cock is open ; and 
Condenwr, with . another advantage resulting from this arrangement 
Side HuMgB, mi is that it is capable of feeding or injecting a 
v^Ttpwentrf in Hquid at a much higher temperature than with 
'"'^ '' ■ other apparatus of the class hitherto constructed. 
The water jet being first heated by the condensation of steam at 
the end of the long nozzle, it is further heated by the conden- 
sation of the steam at the ends of the three short nozzles. This 
apparatus is provided with an overflow branch ; also with a 
foot valve so shaped as to effect a minimum of resistance to the 
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liquid passing around it, and to shut easily when any reaction 
t^es place, bat when used as a condenser. The top side screw is 
for regulating the position of the long nozzle, and the quantity 
of steam passing through the nozzle is adjusted in the usual 
manner by the central spindle. 

Mr. Barclay patented also the ejector as illustrated by Fig. 
185, the working of which is that the steam passes direct from 
the exhaust port of the cylinder into p,g ,gj 

the condenser through the branch, 
escapes down the chamber, and blows 
out the water contained in the lower 
part thereof through the flap valves 
into the surrounding cistern or hot 
well. These valves, which are four 
in number, are placed on a valve box, 
square in plan, with rectangular open- 
ings at either side closed by flap 
valves. The lower part of the valve 
box is of pyramidal form, with the 
sides of the pyramid curved as shown, 
and the hollow underneath is filled in 
with Portland cement or other ma- 1 
terial. The flap valves are fitted F 
with stops, 80 that they may not ^ 
open more than a fixed distance. | 
These stops may be applied in various 
forms. At the upper part of the 
condenser the water branch is con- 
nected to a cistern of water not amUy. Ej«to^Ddeiuer,~gtud wit)> 
shovm, from which the water flows tJSS v'K^.i.ti'i.t. '^ 
in and fills the top chamber, in the '*^'' 
bottom of which the spindle valve is fitted to a corresponding 
seat. 

The gear for working the injection valve is shown by 
Fig. 186, where it is seen that the spindle is connected at the top 
to the centre of the lever, vibrating at one end on a joint, and 
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having an adjastable rod joined to its opposite extremity. At 
tlie lower end of this adjustable rod is an antifriction roller, the 
pin canying which passes through the end of the rod, and is 
supported at its ends in the arms of a forked lever vibrating on 
the joint fixed to a flange on the condenser. A cam, having 
two adjustable blocks, plates, or tappets, bolted to its periphery 
at a distance apart, is supported in bearings placed in the 
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bracket bolted to a flange cast on the side of the condenser, and 
is placed with that part of its periphery which is not occupied 
by the blocks, plates, or tappets, almost touching the antifriction 
roller, so that when the cam, actuated by means of the crank 
and eccentric fixed on the engine shaft, moves, the roUer is 
caused to rise and iall according as it comes into contact with 
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or leaves the blocks^ plates, or tappets, which also causes the 
valve spindle to rise and fall, whereby the valve is intermittently 
lifted, and thus allowed to fall and close on its seat. The action 
of this form of blow-through condenser is as follows. Directly 
the steam which passes into the lower part of the condenser 
comes into contact with the water therein it blows it out through 
the foot valves into the chamber or hot well, whence a sufficient 
quantity of it is taken to feed the boiler, whilst the remainder 
may be otherwise used or allowed to run to waste, and at the 
same time the injection valve is lifted, which allows cold water 
to fall into the lower part of the condenser, which instantly 
condenses any vapour that may remain therein, at the same 
time it fills the lower part of the condenser in readiness to be 
acted upon and blown out by the steam at the next exhaust. 
When the engine is in action the operations now explained are 
continuously repeated. It is preferred to construct the chief 
parts of the condenser with air spaces, or in any other way to 
reduce their tendency for conducting heat. For this purpose 
an air space, seen in the sectional view, is formed at the sides of 
the small water chamber in Fig. 185. 

The illustration, Fig. 187, is another arrangement of gear and 
ejector by Mr. Barclay, showing sections of a condenser having 
an ejector applied thereto for withdrawing the water, uncon- 
densed vapour, and air in lieu of an air pump. 

The condenser receives the exhaust steam from a steam engine 
cylinder, being led thereto by the top branch. At the lower end 
of the condenser a branch communicates with the water nozzle 
of the ejector. The condenser contains a float which moves 
upwards and downwards in it correspondingly with the variation 
of the water level therein : it is guided by a central guide rod. 
At the upper end of the float a link is attached, having a long 
slot formed in it, and through which the stud in the lever passes ; 
this lever being centred upon the spindle of the throttle valve 
in the injection passage, and when the level of the water in the 
condenser is such that the float is raised so that the lower part 
of the slot in the link bears upon the stud, it raises the lever 
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into the position shown, so as to partly shut off the injection 
water from issuing from the perforated nozzle or rose — it being 
understood that the throttle valve is of such size that when in 
the position shown it still allows some water to pass around it. 
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In the other case, when the level of the water in the condenser 
is low, the upper end of the slot in the link bears upon the stud, 
and therefore by the weight of the float depresses the lever, this 
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having the effect of opening the throttle valve, so as to allow a 
greater amoont of injection water to flow in. 

The small stop valve is for admitting or shutting off the water 
from the injection passage, and the other or larger stop valve is for 
admitting or shotting off the flow of steam from the boiler into 
the ejector. The lever also ac- 
tuates another short lever, shown 
in dotted lines, connected by the 
rod to the lever which actuates 
the ejector cock. The starting 
handle of the engine for actu- 
ating the link motion starts the 
engme, and at the same time 
adjusts the position of the throttle 
valve, 80 as to admit the desired 
quantity of steam into the ejec- 
tor. 

The lower branch of the ejec- 
tor is connected by the air pipe 
to an opening in the condenser, 
by which it draws off water, air, 
and uncondensed vapour, when 
the water level is above the 
orifice, but it draws off air and 
uncondensed vapour only when 
the water is below the orifice. 

Mr. Morton's last arrangement 
is illustrated by Fig. 188, which 
is a single steam branch ejector 
with double combining nozzles, moHodV DouW* Combining Noui« ud Ow- 

and ft Ridp nasaaov for tbp nvpr flo» Side Pusaee Improved Ejector Coodenwr, 

ana a siae passage lor tne over- „ cwutniw*! by him for gtaeni pnrpowi in 
flow in the first nozzle. The re- "" )^ *"*>■ 
maining portions of the apparatus are very much as those 
already explained and illustrated. 

We next refer to mi arrangement of self-acting condensing 
apparatus introduced by Mr. Crichtou — in the year 1866, 
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particularly adapted for marine engines — who has since fitted 
several Bteam royal navy launches with it with some snccess. 
A transverse section of the valves and piping are illustrated by 
Fig.lS9, where it is seen that there are double stopvalves applied 
to the outer end of the steam pipe, and so arranged, that when 
the top valve is closed and the bottom one open, the steam 
passes into the surface condenser or condensing pipes ; and when 
the bottom valve is closed and the top one open, the engine can 
be worked as a non-condensing engine by exhausting through 
the exhaust discharge pipes, and by closing both the upper and 
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lower valves in case of accident to the surface condenser, and 
removing the cylinder valves, the ordinary injection condenser 
can be brought into use. The discbarge pipes extend upwards 
to discharge the ancondensed steam externally at a convenient 
part of the ship's side above the deep load line. The surface 
condenser pipes on each side of the vessel, which extend along 
the outside of the ship, are shown by Fig. 190, as passing 
through the screw propeller opening, and are made to return 
along the other side of the ship, where they terminate inboard, 
in connection with the stop valves. 
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Mr. Simon's apparatus for ** outside of the hull " condensa- 
tion must next be noticed, as shown in sectional elevation and 
plan by Fig. 191^ which consists of a box secured to enclose a 
perforated plate in the hull, at which part a small nozzle pipe is 
secured to dischai^e the water inside the box, attached to which 
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Crichtou's ArnmgenMnt of Sarfiu» CondeDiing Pipes outside the hull, for the 
ooodensatioti of steam, patented in the year 1866. 



FiO. 191. 




Simon's Syitem for the Condeneation of Steam outside the hull, applied in the 

year 1868. 

is an exhaust pipe enclosing a perforated steam pipe in con- 
nection with a bend pipe fitted with an air valve, which open» 
inwards to prevent a vacuum forming in that pipe. The work- 
ing of this combination of pipes is, that the water enters through 
the perforations in the plate and condenses the steam that issues 
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irom tbe perforated pipe ; and as the vessel advances, the inside 
water passes through the nozzle opening, and thus a constant 
current of exchange of water is kept going. Of conrse, in this 
case, boiler feed water is not a relative consideration at all. 

Early in the year 1870, Mr. McCarter patented the con- 
densing apparatus illustrated by Fig. 192, which is an improve- 
Fia 192 ment on the example shown by Fig. 154, 

on page 149. The exhaust pipe from the 
engine communicates with the top of the 
higher condenser, and this has at its 
bottom a grated opening provided with a 
valve and leading into the lower condenser, 
whilst the latter has at its bottom a grated 
opening provided with a valve and leading 
into the discharge branch. The valves are 
metal discs covered with vulcanised rubber 
on their upper sides, to close up against 
the under sides of the grated openings, and 
the discs have fixed to them spindles, which 
pass up through the centres of the gratings, 
and have spiral springs applied to them 
in such a way as to tend to lift the valves 
up to the gratings. These springs rest 
upon the gratings, and their upper ends 
j press up against washers fixed on the 
upper ends of the spindles by screw nuts, 
I and by means of the screw nuts the action 
of the springs is nicely adjusted. Both 
compartments are fitted with rose nozzles 




ey™ri8Tc, ^^^ -^ the Upper compartmcnt is always 

open, the other in the lower one is generally closed by a 
valve. The lower compartment is provided with two other 
valved inlets, as best seen in the plan, one being for air 
and the otiier for steam. The three valves are by preference 
equilibrium valves, and are opened at proper times by cams, 
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such as the one shown on a horizontal shaft, which is 
made to revolve by gearing from the main shaft of the steam 
engine. Both compartments are fitted with snifbing valves, for 
the escape of air, these valves being simple hinged lids which 
open ontwards whenever the internal pressure is greater than 
that of the atmosphere. The upper compartment acts like an 
ordinary injection condenser, and the water due to the condensa- 
tion of the steam from the engine accumulates in it along with 
the injection water until its weight is sufficient to overcome the 
spring and open the upper valve, which it does when there is a 
vacuum in the lower compartment. The water, which on the 
opening of the valve passes to the lower compartment, is got rid 
of from the latter by opening the air valve, whereupon the 
atmospheric pressure on the under side of the lower valve being 
thus counterbalanced, the water opens that valve by its weight 
and passes into the waste pipe, the valve of course closing again 
by the action of its spring. The air valve is then closed and 
the steam valve opened^ the steam blowing the air out of the 
compartment by the snifting valve and filling the compartment. 

We have thus far dealt with the condensation of steam by the 
agency of water ; but we now direct attention to the use of 
'*air" as the means, i.e., cold air in the place of cold water. 
We had some experience with " air condensers " in the year 
1860, in which the steam was admitted through narrow long 
openings, so as to be in contact with a current or volume of 
air sufficient to carry away the steam and condense it within the 
required distance for the purpose, but the result attained was 
far from being economical, and thus it died a financial death. 

In the year 1864 a Mr. Thorold patented an arrangement of 
an air condenser, and the necessary apparatus for working the 
same in connection with marine steam engines, which we 
illustrate as an impossibility, by Fig. 193. 

The exhaust steam from the steam engines passes to the 
circular passage, from thence through the current divider into 
the condensing chamber, wherein is a fan of large diameter, 
drawing in air through the air take, driven from the screw shaft 
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by means of frictional gearing, of which the vertical wheels slide 
upon the screw shaft, so as to be put in gear with opposite 
sides of the fan wheel, for the purpose of driving the fan ^ways 
in the same direction, in whatever direction the screw shaft 
may revolve. 

The passage into which the uncoudensed gases pass is in 
connection with the air pipe for conducting the same to the 
ftimaceB of the boilers ; the boiler feed water being conveyed 
by a separate pipe above the air pipe. 

As a certain small quantity of water will always pass away as 
uncondensed gases, it will be requisite to make good such loss 
by evaporating a corresponding quantity of fresh water from 
the sea water. For this purpose a conical retort is placed over 
the exhaust steam pipe, and a flat vessel is placed below the 
same, and sea water is introduced first into the latter through 
the worm, and is then caused to pass through the coil of pipes 
situated in the steam pipe and into the retort. This retort is 
furthermore surrounded by pass^;es filled with the exhaust 
steam, and the sea water becoming thus heated by close contact 
with the different steam-heated surfaces^ the evaporation of 
fresh water to the required extent takes place. 




TlionU'gAirCoDde[mr,ror tbecondcuiliaiiof ■team fnta Marine Eiglns, patented in the7CBrl864. 
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CHAPTER XVI. 

CONDENSING APPARATUS FOR LOCOMOTIVE ENGINES. 

"When the Metropolitan Underground Railway scheme was dis- 
cussed in scientific circles about ten years ago, the question arose 
as to what slioold or could be done with the steam &om the 
engine and the smoke and gases from the chimneys ; for it was 
very evident that no practical system of tunnel ventilation could 
be carried out sufBciently to dispose of those existing barriers 




entirely. The smoke was got rid of by burning smokeless coal, and 
the gases by tunnel ventilation, while the steam was condensed, 
which latter process forms our nest subject. 

Foremost amongst patentees at that time came Mr- Slaughter 
of Bristol renown, with his scheme as illustrated by Fig. 194, 
the arrangement being that the exhaust steam, when the engine 
is mnniug in the open air, passes away through blast pipes 
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as usual, but when the locomotive engine is passing into or 
through a tunnel or underground railway, the steam is shut off 
from the blast pipes, and caused to pass through the surface 
condenser in the following manner. On the passages leading 
from the steam cylinders into the chimney, a cock or valve is 
apphed, and also a branch pipe or junction leading into a 
chamber at one end of the surface condenser. When the three- 
way cock or valve is so turned by means of the handle as to 
shut off the exhaust from the blast pipes, the exhaust steam 
passes away from the cylinders through the cock into the surface 
condenser, where the exhaust steam is partially condensed ; it 

thence passes into an injection condenser 
of the ordinary description, where it is 
condensed by a jet of cold water supplied 
in the following manner. There is a tank 
divided horizontally into two parts, having 
an air space between them, in order that the 
temperature of the water in one compart- 
ment may not be communicated to that in 
the other. This tank is supported on an 
extra pair of wheels, and the two compart- 
ments referred to are each capable of holding 

suughter^. Air Pump, Water ^hc ucccssary quantity of water for service 
Injection and portiou of Air betwccn thc terminal stations of an under- 

Surface Condensers, for Lo- 
comotive Engines, patented grouud railway. Ou commcucing to work, 

the cold water is rim into the cold water 
tank, and is used for injection into the condenser by passing 
through the suction pipe, cock, and injection pipe, which is 
perforated with numerous holes. The condensed steam and 
injection water, together with any air or gases therewith collected, 
are then pumped by the air pump into that part of the tank for 
holding hot water. The air pump is worked from the crank 
pin of the trailing coupled wheels, as shown by Fig. 195. The 
suction and discharge valves are under and over the pump, and 
the water and gases are discharged into the hot water tank from 
which the boiler is supplied. 
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The Burface condenser is composed, aa shown, of a number of 
small tnbes, or it maj be narrow passages. These small tubes do 
not extend from end to end of the surface condenser, but for 
convenience of manufacture and otherwise are divided into two 
sets connected together by a short chamber. The steam is 
partially condensed in passing through the condenser by the 
atmosphere acting upon the outer surfaces of the tubes of which 
it is composed, or these tubes or some of them may be immersed 
in a tank of cold water. In some cases the surface condenser 
may be dispensed with. The steam would then, when shut 
off from the blast pipe, be caused to pass directly to the injection 
condenser. The ash pan is also arranged, as has heretofore 
been done, so as to be closed when the exhaust steam is shut off 
from the blast pipes. 
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Very soon after Mr. Slaughter there came Mr. Thorold, with 
a host of arrangements for the condensation of steam from loco- 
motive engines. Centrifugal fans were his pets in the scheme, 
driven by belts on the leading wheels of the locomotives gene- 
rally ; but exceptionally by the resistance of the air on the fans 
when the locomotive was running, as illustrated in side and 
front sectional elevations by Fig. 196. The arrangement of 
the apparatus is this : — 

The blast pipe is provided with a throttle valve^ which, when 

2 
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placed in the position shown, causes the exhaust steam to pass 
into the fixed guide vanes to the turbine running loose upon 
the fixed spindle. The steam reacting upon the vanes of the 
turbine causes the same to revolve rapidly, and issues from the 
periphery of the same into the surrounding enclosed passage. 
Upon the back of the turbine are fixed the fan blades, which, 
in rotating rapidly with the turbine, draw the external air in 
through the eye of the casing, and throw it out at the periphery. 
The velocity with which the air enters the fan is greatly in- 
creased by the speed with which the locomotive drives the fan 
against it ; and in order to increase the pressure to the utmost, 
a wind bell-mouthed collector is fixed to the eye of the fan 
casing, so as to collect and conduct the greatest possible 
quantity of air into the fan. The steam issuing from the 
turbine into the passage, and the air thrown from the circum- 
ference of the fan, instead of being brought immediately in 
contact with each other, are first caused to pass through 
alternate narrow- passages in the current divider, as indicated 
by the arrows, from which they issue in alternate small streams 
into the condensing chamber. The steam is thus brought into 
most intimate contact with the air, and is thereby condensed. 
The construction of the current divider consists of a plate of 
thin metal bent into a zig-zag form, as shown, so as to form 
a number of narrow spaces, closed by a plate at the back in 
such a manner that the steam can only enter the chamber 
through the spaces, whilst the air can only pass in through the 
spaces, as shown by the arrows. Water in the form of spray 
is introduced into the passage, to assist in the condensation of 
the steam, through pipes rotating with the turbine and fan, 
which pipes are supplied with water from the gland box com- 
municating with the supply pipe, through the passage formed 
in the spindle. The gland box is kept water tight upon the 
spindle by means of leather collars placed on either side, as 
shown. The water resulting from the condensation of the 
steam, as above described, passes down through the chamber 
into the condenser, whence it is conveyed through the bottom 
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pipe into the boiler by means of a pump or injector. The 
nncondensed gases pass from the chamber throagh the pass^e 
into the blast pipe, so as to compensate to some extent for the 
abstraction of the steam blast. 

The possibility of this arrangement seems as doubtful as the 
inventor's most powerful enemy — if he has one — could wish, 
but we illustrate it as a companion to Fig. 193 on page 192. 

We now turn to a bond, fide arrangement that has been 
practically used with success on the Underground Metropolitan 
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Eailway. The plan of the engine, condensing tank, valTes, and 
gear, are shown by Fig. 197. Each cylinder is secured outside 
the smoke-box, nearly over the leading wheel : the right hand 
cylinder is shown only in this view, together with the slide 
valve and casing. The condensing tank is shown in section 
also, and contains the two exhaust steam pipes, emptying valve, 
man hole, feed water strainer, and starting shaft tubing. The 
supply water tank is between the trailing wheels under the 
foot plate, as illustrated by Fig. 198 in sectional plan, with the 
pipes and connections. The injection pipes in each view are 
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practically the connecting pipes of the tanks. The side sec- 
tional elevation of the supply tank is shown by Fig. 199, with 
the foot plate, hand railing, and general fittings. 
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The sectional side elevation of tie plan shown by Fig. 197 is 
illastrated by P%. 200, which represents the various details in 





a corresponding position ; as also does the end sectional elevation, 
shown by Fig. 201. 
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The arrangement of the two tanks under the boiler is shown 
by Fig. 202, which is a side elevation of the locomotive, giving 
also the weights at the six points of adhesion. 
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Weights on the Points of Adhesion, and Arrangement of the Condensing and Supply 
Water Tanks, in the Condensing Looomotiye running on the Metropolitan Unde^ 
ground Railway in the year 1866. 



It faL 

Diameter of Cylinders 16 

Length of Stroke 2 

Width of Supply Ports in Cylinder . .0 1} 

Width of Exhaust Port in Cylinder . 2} 
Width of Exhaust Port in Valve ..OS) 

Outside Lap of Valve 1^ 

Width of Valve 10} 

length of Ports 13 

Length of Valve . . . . ^ . . 15| 

Thickness of Bars in Cylinder ... Of 

Travel of Valve 5f 

Thickness of Metal in Cylinder ... 1 
From Centre of Cylinder to Centre of 

Valve Spindl 1 71 

Diameter of Piston Rod 2} 

From Centre of Cylinders to Centre of 

Boiler 4 1 

Diameter of Feed Pumps .... 3 
Diameter of Steam Pipe (inside) ..03 

Diameter of Exhaust Pipe .... 4 
Length of Connecting Rod between 

Centres 7 6 

Diameter of Driving Wheel .... 6 

Diameter of Coupled Wheel. ... 6 

Diameter of Leading Wheel .... 3 6 
From Centre of Driving Wheel to Centre 

of Leading Wheel 8 

From Centre of Driving Wheel to Centre 

of Coupled Wheel 7 6 

BOILER. 

Diameter of Boiler (inside) .... 4 9 

Thickness of Plates 0^^ 

Length of Fire-box shell (outside) ..60 

Width of ditto ditto . . 4 9} 



Height of Fire-box shell (outside) 
Length of Fire-box at Bottom 

Ditto ditto Top . 
End Water Space at Top . 

Ditto ditto Bottom 
Back Water Space at Top . 

Ditto ditto Bottom 
Centre Water Space at Top . 

Ditto ditto Bottom 
Copper Stay for Fire-box, diameter 
Pitdi, 4x4 inches. 
Width of Fire-box . . . 
Height of Fire-box . . 
Number of Tubes, 122. 
Diameter of Tubes, outside . 

Ditto ditto inside . 
Thickness of Tube Plate . . 
Length of Tubes 
Length of Barrel 
Longitudinal Stays, diameter 
Pitch of Riveto .... 
Length of Smoke^box at Top 

Ditto ditto Bottom 

Thkkness of Plates at Back of Smoke-box 
Height of Steam Pipe above Centre Line 

of Boiler 

Boiler Feed Cock 

Diameter of Chimney on Top, inside 

Ditto ditto Bottom . . 

Thickness of Plates 

Height from Top of Smoke-box . . 
From Rail Level to Centre of Boiler. . 

Ditto Top of Outside Fire-box* . 

Ditto Underneath Shell of Fire-box 

Ditto Frame Level • . • • 



n. in. 
7 44 

4 11 

4 $ 

















7 
6 

6* 
6 

H 

6 
1 



3 lOi 

4 5| 
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11 
10 





2 6 

2 11| 
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1 10 
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it Silica . 
EdiU. 



CONDENSER TANK. n. tn. Angle Iron".'". ....".'.' Ij 

Length of Tank 7 2 Air Pin at Tap, insda diameter ..02} 

Width of ditto ■' ~ 

Depth of ditto 

Hin-holeinlheBoUomofTank, tSx 15. 
Valve fi>T Emp^ing Tank, i^ameter 
Eiliuut Steam Pipe, 5 ins. large end, 

3 ina. small end. 
Water SuppI; to Condenwr, iiuide . , 
ThickDen of Plates at ends . . . . i 
ThickDeu of Platei at Sida . . . . ' 

We next direct attention to the details, beginning with the 
feed pump, which is illustrated by Fig. 203 : being the ball 
valve arrangement. The suction valve seating is formed with 
the flange of the pipe, and the guard flurrounds the projection, 
the jointing securing the two details in position. The discbai^ 



ThickneB of Pbta at Bottom . 

Angle Iron 

Air Pipe at Top, inside diameter 

COLD WATER SUPPLY TANK. 

Length of Tank 3 1 

Width of ditto 6 

D^b of ditto 3 1 

Tbicknen of Plata 
Ditto ditto 
Ditto ditto Top 
Ditto ditto 




valve and seating directly above is different in connection ; as in 
this case the seating is a cone tube, around which the guard is 
screwed on the latter part ; and on the top of the gnard is a 
set stud which keeps that and the seating down in their proper 
position. As the various details and sections are Inlly explained 
by themselves, we shall turn next to the exhaust steam valve, 
which directs the steam into the chimney or tank, illustrated 
" by Fig. 204. The valve is flat, square shaped, and hung at the 
back on a square spindle. Thecasingisofapeculiarform,having 
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also two doorB to remove or inspect the valve, withoat breaking 
the other joint connections. 




Eihaiut SUuD Valrc, to direct the SteuD eitha to the 
ChinuKj or to the CoDileiini^ Tuik of tlie Condeotuig 
LoomiDtire abowa id coimectjoa in Fig, 197. 

The next detail worthy of notice is the valve for emptying 

Fio. 205, Fro. 206. 




thetank,asillustratedbyFig.205. This 
is simply a disc spindle valve, raised 
and lowered by a lever over it. 

The feed pump being an important 
detail in this matter, as it is an air 
pump also, we illustrate the relief valve 
by Fig. 206, which shows also the 
spring, set screw, and casing, in sec- 
tional elevation. The discharge opening 
is on the half of the caging not shown. 

A very novel and ingenious method 
for causing a partial vacuum with high 
pressure non-condensing engines was 
patented by Mr. Morton in the year 
1867, at the same time that he pa- 
tented his ejectors already noticed in 
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the previous chapter. The illustration. Pig. 207, represents seo- 
tional views of this apparatus appUed to an outside cylinder loco- 
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motive, and Fig. 208 a simpler method on the same principle to 
an inside cylinder locomotive. In each of the two arrangements 

Fro. 20S. 




204 THE CONDENSATION OP STEAM 

shown, the exhaust pipe from one cylinder, and the exhaust 
pipe from the other cylinder, both alternately discharge the 
exhaust or waste steam from their respective cylinders through 
the induction tube or pipe which is common to both. The 
exhaust steam on leaving the right hand takes the form of 
a central jet, whilst that from the other pipe takes the form of 
an annular jet round the central one, the areas of both orifices 
being nearly equal and somewhat less than the least area of the 
induction tube at the throat. The lateral action of the exhaust 
steam from the central jet or orifice, in passing through the 
induction ipbe, induces a partial vacuum in the lefb-hand pipe, 
and that from the annular jet produces an equal vacuum in the 
right-hand pipe respectively, and alternately as the exhaust 
steam is allowed to escape from the respective cylinders ; and 
this alternate drawing action, or any increase either in the 
pressure of the exhaust steam or in the velocity of the engine, 
produces a corresponding or an increased vacuum on the back 
of the steam piston alternately and respectively, instead of a 
back pressure as heretofore. Although the central jet is shown 
as cylindrical, it is to be understood that it or both jets, or other 
number of these jets when more are used, may be made annular 
when desired by the use of a central cylindrical or annular 
metal spindle, either fixed or adjustable, or the central one may 
be made annular by the use of the usual blast pipe placed as 
shown in Fig. 207, frimished with a cock for the purpose of 
inducing a draught or current in the fire-box, and through the 
tubes and chimney by a jet of steam direct from the boiler when 
the engines are not at work, or to increase the vacuum or 
draught, as described at other times, when desired. 
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CHAPTER XVII. 

THE PRINCIPLES^ OF CONDENSATION OF STEAM 
PRACTICALLY CONSIDERED. 

Steam. — The constituent parts of steam are, Water, Heat, and 
Air. The Water is the amount put into the boiler as feed 
water. The Heat is the product of combustion that has 
penetrated the fire plates and tubes in contact with the fluid ; 
and the Air is the constituent in the water when it entered the 
boiler, so its proportion is constant, whereas the water is reduced 
as the heat is increased, from the fact that the caloric absorbs 
the fluid and cames it away in the form of a saturated gas. the 
amount of saturation being in proportion to the temperature. 

Formation op Steam. — We have first to notice now the fact 
why air is supposed to be in the feed water, which is, that water 
is acknowledged to be composed of invisible solid spheres of the 
same material, and the spaces between them are filled with air, 
which a very domestic experiment is said to prove, by putting 
salt or sugar into a full glass of water, which does not run over 
until an extreme quantity has been absorbed. We mention this 
because it is a familiar proof, but withal does not prove that 
there are spheres and that they are solid ; in fact, we are more 
inclined to believe that water is composed of solid layers at 
great depths, and passing higher into spheroids with a minute 
amount of air in them, and from that into spheres of a thinner 
kind filled with air also. And our reason for that belief is, that 
as water was originally air, it always contains some of that 
element while in a liquid state, and therefore loses it only when 
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solid^ such as ice, and even then perhaps some remains. Or if a 
better explanation be required, how could steam be formed if 
there were no gaseous ingredients in the water ? 

Next as to the actual beginning of steam-making in a 
boiler. Suppose a boiler, say a marine one, has the proper 
amount of cold water in it, and the fires are lighted : immediately 
the heat begins to act on the fire-side of the plates and tubes and 
penetrates to the water-side, the fluid feels the effect. Then as 
the water recoils from the heated surface it forms with the heat 
into atoms of minute size, and as the heat is lighter than the 
water, it ascends through the volume above and warms it also, 
so that on arriving at the surface it is reduced in temperature. 

From a continuance of heat the fluid has an affinity to that 
circumstance, and thus a more rapid circulation occurs; until 
the displacements of the atoms of water are so quick as to cause 
an ebullition on the surface of the fluid. 

The rise of steam vapour then occurs,* and the heat forms the 
atoms of water into more minute and finer globes, — which on 
rising leave vacancies as before, that are filled with those sur- 
rounding, because if not a cessation results — and those globes, 
being filled with air and heat covered with a skin of water, are 
buoyant, and thus ascend to the water line and form steam. 

• Opinion of Robert J. Lecky, Esq., of the Firm of Messrs, Whicldon, Lecky, and Co, — 
" You ask me for my ideas relating to vapour. They are very simple ; merely, that 
all vapour, from the delicate gossamer fog you see of a sxmmier's evening hovering 
over a dewy meadow, to a Scotch mist on the side of Bon Lomond, is composed of 
spheres of solid water suspended in the air, only varying in size. As the proportion 
between weight and surface is (in a decreasing ratio) that of the inverse of the cubes 
to the squares, you can easily see how extremely h'ght in proportion to surface these 
infinitesimal drops of water must be ; and therefore the friction must be very much 
greater in proportion than the weight, thus keeping them so much longer afloat in 
the atmosphere, sufficiently long to admit of their evaporating, and becoming again 
absorbed by the air as its temperature increases, and so disappearing. I can in no 
way agree with the old idea, that these drops are hollow spheres filled with air. 
How could the air get there ? Simply impossible, and I see no need for such a theory 
when we can so easily account for vapour floating, as I said before. The floating 
of clouds is more or less affected by electricity, but this is foreign to your query, bo 
I need not go into it ; and steam, as seen escaping from a tea-kettle or a gauge-cock, 
is but vapour as distinguished from steam proper, which, as we all know, is perfectly 
transparent, and except for what air may be in solution in the water beforehand, is, 
in my view, perfectly free from air. 
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We know from those circumstances that the method of steam- 
making is the same always, i.^., independent of pressure, but 
that the higher the temperature the more rapid is the pro- 
ductioiL 

The spheroidal shape of the atoms of water that we have 
alluded to will apply also to the conversion of steam under a 
pressure of the same, because the weight of the steam will 
produce that effect ; inasmuch that although there may be 
pressure contained in a boiler, it is nearly equal at all parts as 
far as steam force is concerned, but not as to weight, and that a 
discharge opening at the lowest comer of the boiler will be more 
effectual than at the side or centre of the bottom. 

Knowing then that there is weight to be considered in the 
formation of steam, we may safely conclude that the higher the 
temperature and pressure the more weight there is in operation, 
and that steam in any form is but so many pounds of heat, 
water, and air in a gaseous condition, in proportion to the 
temperature. We therefore ignore the common belief that 
increase of pressure is entirely dependent on heat, but rather 
that it is dependent on water also, as for example : suppose a 
boiler has its feed water cut off, but the fires continued, with no 
escape of steam ; the result is that the pressure increases during 
the evaporation of the water or its conversion into steam, but 
directly that ceases the rise of the pressure gradually stops also, 
and although heat may be put in the gas it will not increase the 
pressure to any extent as before ; while the result is that the 
temperature becomes so high that the metal expands, and an 
escape or bursting ensues, which is erroneously credited to the 
continued increase of pressure rather than the separation of the 
fibres of the metal. 

Eeferring next to the weight of steam at various pressures, 
the weights of its constituents must be considered separately and 
then added together. Or, as Professor Rankine, M. Regnault, 
Dalton, &c., state: ** Pressure exerted against the interior of 
a vessel by a given quantity of a perfect gas enclosed in it, is 
the sum of the pressures which any number of parts into which 
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such quantity might be divided would exert separately, if each 
were enclosed in a vessel of the same bulk alone^ at the same 
temperature ; and that^ although this law is not exactly true 
for any actual gas, it is very nearly true for many. Thus, 
if 0*080728 lb. of air, at 32**, being enclosed in a vessel of one 
cubic foot of capacity, exerts a pressure of one atmosphere, or 
14*7 lbs., on each square inch of the interior of the vessel, then 
will each additional * 080728 lb. of air which is enclosed, 
at 82^, in the same vessel, produce very nearly an additional 
atmosphere of pressure. It has now further to be explained, 
that the same law is applicable to mixtures of gooses of different hinds. 
For example, 0*12344 lb. of carbonic acid gas, at 32°, being 
enclosed in a vessel of one cubic foot in capacity, exerts a 
pressure of one atmosphere; consequently, if 0*080728 lb. of 
air and 0*12344 lb. of carbonic acid, mixed, be enclosed at the 
temperature of 32° in a vessel of one cubic foot of capacity, the 
mixture will exert a pressure of two atmospheres. As a second 
example : let • 080728 lb. of air, at 212°, be enclosed in a vessel 
of one cubic foot, it will exert a pressure of 

212°+461°*2 i.oijp; X 1. 
-7 ^o^ .^^o n . = 1 365 atmosphere. 
32°+461°*2 ^ 

"Let 0*03797 lb. of steam, at 212°, be enclosed in a vessel 
of one cubic foot : it will exert a pressure of one atmosphere. 
Consequently, if 0*080728 lb. of air and 0*03797 lb. of steam 
be mixed and enclosed together, at 212°, in a vessel of one cubic 
foot, the mixture will exert a pressure of 2*365 atmospheres. 
It is a common but erroneous practice, in elementary books on 
physics, to describe this law as constituting a difference between 
mixed and homogeneous gases ; whereas it is obvious, that for 
mixed and homogeneous gases the law of pressure is exactly the 
same, — ^viz., that the pressure of the whole of a gaseous mass is 
the sum of the pressures of all its parts. This is one of the laws 
of mixtures of gases and vapours. A second law is, that the 
presence of a foreign gaseous substance in contact with the surfojce 
of a solid or liquid^ does not affect the density of the vapour of 
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that solid or liquid, unless (as M. Eegnault has recently sliown) 
there is a tendency to chemical combination between the two 
substances, in which case the density of the vapour is slightly 
increased. For example : let there be a mass of liquid water 
in a receiver, at the temperature of 21 2^ and above the surface 
of the liquid water let there be a space of one cubic foot ; it is 
necessary to molecular equilibrium at the given temperature 
of 212^ that that space of one cubic foot should contain 
' 03797 lb. of steam, whether the space be void of all substances, 
or filled with any quantity of air, or of any other gaseous 
substance which does not exert an appreciable chemical attraction 
on the water. To illustrate the law further, let the temperature 
of the water be 50° : then it is necessary to molecular equi- 
librium that the space of one cubic foot above the water should 
contain 0*00058 lb. of watery vapour, whether and to what 
amount soever air, or any other gaseous substance not chemically 
attracting the water, is contained in the same space. This and 
the preceding law of mixtures of gases and vapours (discovered 
by Dalton and Gay-Lussac) enable the following question to 
be solved : — Problem. Given the total pressure P, of a mixture 
of a gas and of a given vapour, in a space saturated with the 
vapour at the temperature T: required the pressure and 
density of the gas separately. — Solution. Find, from a table of 
experiments, or from a formula, the pressure of saturation of 
the vapour for the given temperature T ; let it be denoted by 
p ; then the pressure of the gas is P — p; and its density is less 
than the density which it would have had under the pressure P, 
if no vapour had been present, in the ratio 

^F * 

Example. A space contains mixed air and steam, being saturated 
with steam at 50^, and the total pressure is 14*7 lbs. on the 
square inch ; what is the pressure of the air separately, and 
what weight of air is contained in each cubic foot of the space ? 
— Answer. Either from M. Regnault's experiments, or from the 
formula already cited, it appears that the pressure of the steam 

p 



210 



THE CONDENSATION OP STEAM 



is 0*173 lb. per square inch ; consequently, the pressure of the 
air separately is 14*7 — 0*173 = 14*527 lb. per square inch. 
Also, the weight of air in a cubic foot, at 14*7 lb. per square 
inch and 50°, had there been no steam present, would have been 

493°*2 
0*080728 X gQO , ^Q^o.2 = 0*077885 lb. ; 

consequently the weight of air actually present along with the 

steam, in a cubic foot, is 

14*527 



0077885 X 



14-7 



= 0-07698 lb. 



A second problem is, to find the density of the mixture of gas 
and vapour : which is solved by adding to the density of the 
gas already found, the density of the vapour as computed by 
the methods formerly referred to. Thus, in the case last given, 
it appears, by computing from the latent heat of evaporation, 
that the weight of steam in a cubic foot is 0*00058 lb.; 
consequently, the weight of a cubic foot of the mixture of air 
and steam is 0*07698 + 0*00058 == 0*07756 lb.'* 

Besides the ingredients mentioned, steam will contain — ^when 
sea water in its natural state is used as feed-water — a certain 
amount of solid matter, which, although considerably heavier 
than gas, will by impetus amalgamate with the steam to a 
small extent, and the remainder form incrustation in the boiler. 
Those solidities are : — 

Total quantity .... 

Water 

Chloride of sodium . . 

Chloride of potassium . 

Chloride of magnesium 

Bromide of magnesium 

Sulphate of magnesia . 

Sulphate of Ume . . . 

Carbonate of lime . . . 



1000 



964 
27 

3 

2 
1 




745 
059 
766 
666 
029 
296 
406 
033 



It will be apparent, therefore, that when injection condensers 
are used in steam-ships, the steam is impregnated with solid 
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matter, which doubtless holds the heat proportionately as much 
as the water contaiued in the steam or the saturation thereof. 
While with surface condensers, the feed-water being nearly all 
distilled, the solid portions are exterminated afber the first supply. 
These conclusions, although extreme, are nevertheless truthful, 
and are introduced as facts to be taken into consideration when 
the real nature and properties of steam must be understood. 

Having explained what steam is composed of, we will next 
describe its progress from the boiler to the condenser. When 
leaving the boiler to pass to the slide-valve casing, its progress 
is slightly checked by the bends of the pipes, and on entering 
the casing a greater check occurs, owing to the alteration of the 
form of the opening, or port, it enters through into the 
cylinder ; and here the supply is kept up until the valve shuts it 
off, when expansion commences, with the reduction of pressure 
and heat, to the end, or nearly, of the stroke of the piston, and 
from thence to the condenser ; or, if a compound engine, into 
the larger cylinder, when a further falling of the pressure and 
heat ensues before the condenser receives it. The utility of 
these conclusions is to know what heat is in the steam when it 
is ready for condensation, and thus enables the proper amount 
of injection water or tube-cooling surface to be determined. 

We proceed to the principles of the condenser, both the 
injection and the surface kinds, next. 

The Principles op Injection Condensers.— Those prin- 
ciples refer to the position of the steam opening in relation to 
the injection rose-pipe, which positions as a rule, with very few 
exceptions, are wrongly situated, because it is often the practice 
to allow the steam to enter at the top of the condenser and the 
water to meet it below, whereas the correct positions are for the 
injection valve and rose or plate to be on the top of the 
condenser, and the steam to enter below, which is thus met by 
a shower of water that, assisted by its weight, causes a better 
vacuum than by any other arrangement. This is illustrated by 
Figs. 14 and 23, on pages 16 and 26, where it will be seen that 
the condensers are over the pumps also, which is another 

V 2 
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advantage over the asual arrangement, where the condenser 
and pumps are on the same level, and the water has to rise 
instead of fall into the barrel. We were, we believe, the first 
to arrange both land and marine condensers and pumps according 
to those principles, and the marine arrangement is shown by 
Figs. 41, 42, and 43, on pages 45, 46, and 47, respectively. 
By these mechanical arrangements a better vacuum is always 
obtained, from the fact that the steam is immediately destroyed, 
and then assisted by its liquid gravity to leave the condenser, 
exceptionally to the action of the air pump. 

The Principles op Surface Condensers. — When Mr. 
J. F. Spencer read his paper on ** Surface Condensers," at the 
Institution of Engineers in Scotland, early in the year 1862, 
he said : — 

" The mechanical advantages to be derived by the adoption of 
surface condensation are : — 

'* I. Freedom from all unsafe deposits on those internal parts 
of boilers exposed to severe heat. 

" II. The use of boilers of improved construction, and suitable 
for steam of higher pressure. 

** III. The use of the foulest water for condensing purposes, 
without incurring any risk of injury to the engines or boilers. 

" IV. Increased regularity of feed to the boilers, and con- 
sequently less risk of injury to them from a deficiency of water. 

" V. Increased uniformity of load on the air pump, rendering 
it unnecessary for the engineer in charge to reduce the injection 
or condensing water in heavy weather. 

" It is believed those five advantages include all of importance 
as affecting safety or convenience, so far as the past and present ex- 
perience can guide us. Each of them will be referred to in detail. 

" 1. Freedom prom Unsafe Deposit, &c. — This is a natural 
result of the separation of the condensing water from the 
condensed steam, and what is now required is actual results 
from the longest experience. This past Christmas a steamer 
fitted in August^ 1857, with a new boiler and surface condenser, 
was carefully examined, and a report made on its actual con- 



IN CONNECTION WITH ITS PRINCIPLES. 213 

dition. This report will be found in another part of the paper. 
Here it is only necessary to state that there has never been any 
necessity to scale the interior plates, as is usual with salt-water 
boilers. In other instances of shorter experience the same 
freedom from inconvenient scale or deposit has existed. 

" II. The Use oip Higher Pressure, &c. — Of this there cannot 
be a doubt, as the general introduction of high pressure steam 
into seargoing steamers is prevented chiefly by the necessity of 
providing for the removal of scale and incrustation, and thus 
rendering it almost impossible to stay the boilers for a high 
pressure. All that is required to give an onward movement to 
high-pressure marine engines is an increased experience of, and 
confidence in, the preservation and durability of the boilers. 
Even already surface condensation and high-pressure steam of 
from 40 lb. to 120 lb. pressure have gone hand in hand across 
^ the Atlantic and up the Mediterranean. 

" III. The Use of Foxjl Water for Condensing, &c. — ^This 
is a real vantage ground, and one of the most hopeful features of 
surface condensation. Engineers are well aware that even pure 
land water is almost unknown ; that many of our largest manu- 
facturing works are situated near the sea, or where the most 
serious eflfects are produced on the boilers from impure feed- 
water ; that boiler incrustation is a constant source of complaint 
and reference at the meetings of the Manchester Steam Boiler 
Association ; and that many of the rivers in India and abroad 
are little better than liquid mud or sand. These facts, with 
numberless others to the same eflfect, are well known to practical 
engineers. Surface condensation steps in, and, like the magician's 
wand of old, converts impurity into purity, or enables the 
engineer to do so, which is the same thing in effect. At the 
present time the author is fitting seven surface condensers of 
650 total horses' power to land engines where the river water is 
impure. The condensers are being made in consequence of the 
success of one that has been working for the past twelve months. 

" IV. Eegularity of the Peed- Water. — With marine en- 
gines at sea, working with injection condensers, it requires 
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constant and anxious attention to maintain a proper balance 
between the proper quantity fed into the boiler and that blown 
out ; and many a good boiler has been ruined by neglect on 
this point. With surface condensers, except in cases of priming, 
the necessity for blowing out scarcely exists, and the regularity 
of the feed is a source of increased safety and great relief to the 
engineer in charge. On several occasions the author has run at 
sea from twelve to eighteen hours without making any alterations 
in the feed valve arrangements. 

" V. Increased Uniformity op Load on Air Pump. — This 
advantage can only be thoroughly appreciated in heavy weather 
at sea. With an injection condenser in a sea way, imless sudden 
changes in the speed of the engines are met by corresponding 
changes in the amount of condensing water supplied, there 
is a danger of the air pumps being overloaded, and the giving 
way of the discharge valve is often the result, endangering the 
safety of the ship. With surface condensers it is quite un- 
necessary to stand by to regulate the supply of condensing 
water in heavy weather ; and, in a strong sea in the Atlantic, 
the author has known days pass without the water-regulating 
valve being touched. 

*' Those who are practically acquainted with the working of 
steam engines, especially marine engines, can appreciate the 
value of the advantages referred to as incidental to the use of 
surface condensers; and it must be admitted that the most 
favourable view has not been taken ; for, among other advan- 
tages not named, may be mentioned that of the reduced size of 
air pump. This has not been referred to at present for two 
reasons — first, the reduction in size is partly counterbalanced by 
the addition of the circulating pump ; and, secondly, the matter 
is referred to in a subsequent part of the paper. 

** It is now proposed to consider the mechanical disadvantages 
incidental to the adoption of surface condensation. They may 
be divided under five heads : — 

" I. The necessity for an additional pump, pumps, or other 
machinery for circulating the condensing water. 
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" II. The additional space required for the surface condenser, 
and also in some cases for the condensing water pomp or 
machinery. 

** III. The alleged tendency to corrosion in the boiler when 
working with water supplied from surface condensers. 

" IV. The complication arising from a multiplicity of tubes 
or sheets forming the surface condensers. 

'* V. The increased liability to leakage from the number of 
tubes or other joints in the condensers. 

" I. Additional Pump, &c. — It cannot be denied that what- 
ever plan of circulating the condensing water may be adopted 
(when a high vacuum is required), it is and must be additional 
to the air and feed pumps. There is, however, some compensa- 
tion in this case, inasmuch as it has been proved, by indicator 
diagrams, that the total load on the air and circulating pumps 
is less than that on the injection air pump, allowance being 
made for the difference in the capacity of the two air pumps ; 
and experience has proved that, with surface condensation, the 
same vacuum can be obtained with one-half the capacity of air 
pump required with an injection condenser. 

** Mr. Spencer next gave three cases of comparison, showing 
the vacuum actually obtained, and the capacity of air pumps on 
the two systems. These, being well-certified cases, are repeated 
here in illustration of the preceding remarks. 



Steamship. 



H. P. 



Injection. 



Air pump. 
(Per minute.) 



Vacuum. 



SURTACE. 



Air pump. 



No. 1 . . 


60 


Cnbic feet. 


Inches. 


Cubic ftet. 


70 


28 


46 


» 2 . . 


100 


850 


28 


200 


„ 8 . . 


400 


1,100 


26 


600 



Vacuum. 



Inches. 



24-6 
24*5 
27-6 



" As a further illustration may be mentioned the 500-horse 
power engines of H.M. frigate * Arethusa/ fitted by Mr. Penn, 
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with the author's plan of surface condensers. On trial with air 
pumps about one half the usual capacity for engines of equal 
power, a vacuum of 26*5 in. was obtained. 

" In the only case where the author had an opportunity of 
correct comparison with the same engines, it was found that 
with l^in. better vacuum, the load on the air and circulating 
pumps was about 10 per cent, less than that in the injection 
air pumps. 

" All these facts, resulting from actual experience, being duly 
considered, the disadvantage of the additional pump is reduced 
to a minimum, and confined to its being simply an additional 
piece of machinery involving no increased duty. 

"II. Additional Space Occupied. — In many cases the 
additional space required in the engine-room for the surface 
condenser and pumps has. militated considerably against the 
system. A very slight consideration, however, wiU somewhat 
paradoxically change this disadvantage into an advantage. It 
is quite true that more space is required for the surface con- 
denser on board ship ; but what benefits are derived from its 
use ? Taking the lowest estimate, a saving of 1 5 per cent, of 
fuel is realised. Take a case in actual practice — injection 
engines requiring 45 tons per day for a ten days' voyage, 
making a total stowage of 18,000 cubic feet. Now, attach to 
these engines surface condensers occupying an additional space, 
say, of 300 cubic feet, and we will make no deduction for the 
space occupied by the injection condenser — the saving of space 
for the voyage will be 15 per cent, of 18,000 cubic feet, equal 
to 2,700 cubic feet. It now becomes simply a credit and debit 
account : credit surface condensation with 2,700 cubic feet of 
space saved, and debit surface condensation with 300 cubic feet 
occupied, we have then a balance of 2,400 cubic feet in favour 
of surface condensation. Strictly speaking, in many cases the 
balance will be even more favourable. It is evident, therefore, 
the alleged disadvantage becomes an important element of 
economy of space when the whole question is fairly considered. 
Credit will also frequently have to be given for reduced diameter 
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of cylinders and bulk of boilers. With the present limited 
experience of the actual economy resulting firom surface con- 
densation alone, and the well-known facility with which steam- 
ship proprietors claim all improv^ements, and, at the same time, 
insist on having as big engines and boilers as ever, the author 
has preferred abstaining fix)m raising hopes that may not be 
realised for many years. 

" IIL The Alleged Tendency to Corrosion. — ^This is un- 
doubtedly the most serious charge that can be brought against 
the system of surface condensation ; and, if proved to any 
serious extent, will render its success exceedingly doubtful. 
That there is an element of truth in this most serious objection 
to the fresh-water system experience has proved. Cases have 
occurred — ^both in America and in this country — where boilers 
supplied with water from surface condensers have corroded 
much more rapidly than boilers working with salt water. In 
making this admission^ however, the advocates of surface con- 
densation are fully aware that this corrosion has not occurred in 
all cases ; and not only so, it is also believed that, with the 
present knowledge on the subject, such corrosion might have 
been prevented. In the cases of corrosion that have come under 
the personal observation of the writer^ its appearance has been 
that of a honeycombed action on the plates and tubes^ of some 
deleterious substance held in solution by the water, and deposited 
in showers. These circumstances have chiefly given rise to the 
opinion that portions of the metal from the condenser tubes, 
and steam and feed pipes, have been carried into the boilers, and 
gradually accumulated in sufficient quantities to act on the iron 
plates and tubes of the boilers. But as the galvanic or chemical 
action between copper and wrought iron is generally due to the 
presence of salt in the water, and as no serious injury arises 
from the presence of brass tubes in boilers, there is some 
difficulty in thus accounting for the corrosion, more especially 
as it has been found most severe when the water has been 
the purest. There is much difficulty in explaining the true 
cause of the corrosion, but the causes alleged will be stated, 
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with a few remarks on each, and any experience of the aathor*s 
that bears on the subject. All those who are interested in the 
success of surface condensation are appealed to to contribute 
their experience on this most important question. If there 
exists an evil that cannot be remedied, let it be known as such. 
The true spirit of engineering seeks to benefit mankind, and 
not to perpetuate a system that is no improvement on its 
predecessor. 

** There are two principal causes alleged as producing corrosion 
in distilled water boilers : — 

" 1 . A softening effect of pure soft water, without any 
mineral hardness in it. 

" In support of this view cases have repeatedly occurred where 
wrought-iron boilers fed with soft land water have been de- 
stroyed in six months. Cases have occurred in the neighbour- 
hood of Newcastle-on-Tyna The only remedy for this would 
be chemically to counteract this injurious action, or at sea to 
mix with the pure water a portion of sea water. 

** 2. Chemical or galvanic action firom the presence of copper 
in the boiler, conveyed there in the water or grease firom the 
steam and feed pipes and condenser tubes. 

" From careful observation the author has formed his own 
opinion on the cause of corrosion, and is regulating his practice 
in accordance with it. He thinks that, although in some cases 
the excessive purity of water may be hurtful, the chief cause of 
corrosion is the want of change in the water, thus allowing of 
an accumulation of particles of copper from the condenser tubes, 
and chiefly fi'om the steam and feed-pipes, until the solution is 
suflSciently strong to affect the iron. The mixture of a small 
portion of salt water, sufficient to produce a gradual change of 
water, has been found to prevent any serious corrosion, as well 
as to check it when it has commenced. No appreciable loss of 
economy of fuel will be caused by this plan, and it relieves the 
engineer from any necessity of supplying the waste of pure 
water occurring in surface condensation, by a reserve on board. 
It may also be found desirable to tin the steam side of the 
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condensing surface, as well as to substitute iron for copper 
steam and feed pipes. 

" Having thus glanced at the gloomy side of this barrier to 
the general adoption of surface condensation^ the inquiry is 
made whether any boilers have met a violent death, or been 
consumed in say from twelve to eighteen months, or even two 
years ? To this inquiry we may cheerfully and decidedly reply 
in the negative. In America, it is said, some boilers have died 
very young from surface condensation ; but as the informants 
have not supplied date of birth or death, symptoms of illness, 
or appearance of the body after death, nor given us the results 
of any post mortem examination, we shall act wisely in waiting 
for more accurate information. In England present experience 
in boilers fed with water from surface condensers is very 
limited and short-lived. Speaking generally, there is no authen- 
ticated case of a boiler worked with distilled water that has 
suflfered more, permanently, from corrosion, than boilers fed with 
sea water, while there are instances of their suffering much less 
from corrosion than salt water boilers. 

" As stated previously, a small steamer was fitted with a new 
boiler and a surface condenser in August, 1857, and the following 
is a correct report of the state of this boiler at Christmas just 
past: — 

^ Newhaven, Sussex, 18th January, 1862. 

" I. S. steamer ' Alar,' 50-horse power, fitted with a new 
boiler and Spencer's surface condenser in August, 1857. Dis- 
tance steamed to this date, 100,000 knots ; steam pressure 
40 lb. ; waste made up with sea water. 

"Condition of boiler examined this day by the under- 
signed : — 

" External cylindrical shell in sound and efficient condition 
externally and internally. 

" FumaceSy externally and internally in good condition, and 
apparently equal to new. 

" Flame chamber, top, sides, and back in good condition^ and 
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no signs of wasting. A small patch, 8 in. by 3 in.^ wanting at 
bottom, where plate is thinned by a leaky rivet. 

** Tvhe plates^ soand, and in good condition ; quite equal to 
that of the external shell. 

" Tubes, 148 iron tubes^ 3 J in, in diameter ; not ferruled : 
8 tubes have been renewed, and the remainder will require 
renewal this year. 

" Stays. — The long shell stays, angle iron, &c., as far as can 
be seen, do not require renewal, many of them being in a perfect 
condition. The two upper rows of screwed stays at the back of 
the flame-box were renewed in April, 1861. A few of the 
screwed stays in furnace water spaces are wasted, and require 
renewal ; but it is believed the waste has been caused chiefly, if 
not entirely, by the wash of the water and grit when the ship 
rolls. The remainder of the screwed stays are in good con- 
dition. 

" Uptake. — As far as can be ascertained the plates and rivets 
are in good condition, and not wasted. 

" (Signed) Edward Fowlee, 

" Superintendent. 
*' J. Johnson, 
" Chief Engineer. 

" The following is a report on the condition of a 100-horse 
power boiler attached to a pair of the author's surface con- 
densing marine engines. The boiler has been twelve months 
working : — 

^^ Boiler. — Apparently as good as new. There was a very 
thin scale of salt on the furnace crowns and tubes. The flat 
part of uptake was covered with a deposit of tallow and mud to 
the thickness of 2 in. The uptake does not appear to have 
suffered any damage by the deposit thereon. A few of the top 
stays are a little corroded. That I consider is due to the wash. 

" (Signed) William Dixon. 

** Manager to Messrs. R. and W. Hawthorn. 

" December 26, 1861. 
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'^To these reports is added a third of four London made 
boilers working with injection condensers, and having steam 
up on an average of seven hours a day, for four days in each 
week. 

'^ Beport on the condition of four boilers started at Christmas, 
1856 — 251b. steam, and distance run under steam, 65,000 
knots : — 

^ Newhaven, January, 1862. 

^'Uptakes renewed in the autumn of 1859 ; also the stays 
and angle irons at uptake end; top shell of boilers partly 
replated. 

^^ Christmas^ 1861. — Uptakes thickened with i in. plate, new 
angle iron, and stay ends at uptiake ; new bottoms to shell ; 
several patches in furnace crowns ; 250 screwed stays renewed 
in each boiler ; 240 brass tubes to be taken out of each boiler 
to scale the tube plates and tubes ; these tubes pierced up and 
replaced. 

** (Signed) Edward Towlee, 

" Superintendent. 

'' One conclusion is certain, that while there is no occasion 
for alarm on this subject of corrosion, practical men cannot be 
expected to endorse many of the extreme statements published 
in favour of surface condensation ; such as these — that land 
boilers last seven times as long as marine, and that boilers 
worked with distilled water last three times as long as those 
working with salt water. Such statements only retard the 
progress all so earnestly wish for. Even supposing that boilers 
supplied with water from surface condensers only last the same 
time as those fed from injection condensers, the advantages of 
the surface condensing system are overpowering. 

" IV. The Disadvantage op Complication. — On this head 
little can be said. It is a decided disadvantage, although prao* 
tically it will be found of little importance when compared with 
the credit side of the account. The introduction of the multi- 
tubular boiler was objectionable on the same grounds; but, 
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nevertheless, it has been found that the advantages greatly 
predominate. 

"V. The Increased Liability to Leakage in the Con- 
denser. — This disadvantage is one that can only be rightly 
valued from a more extended experience. If, after a number of 
years, it is found that surface condensers are as tight as when 
new, the disadvantage arising from a multiplicity of joints is 
only imaginary. At present it may be conceded as a practical 
objection. There is much reason to believe that a surface 
condenser, made and jointed on a correct principle, will become 
less liable to leak as it gets older. In the opinion of the author, 
faciUties for examination and repair, together with extreme 
simplicity and fewness of joints, are the desiderata for all surface 
condensers. Practical experience will correct many of the mis- 
takes in the plans of surface condensers now being made, and 
theoretical perfection must be made to give place to practical 
simplicity. In saying this the author does not for one moment 
presume to intimate that he has solved the problem; on the 
contrary, his experience leads him to seek rather than to offer 
advice. 

It is now proposed to consider the economical advantages and 
disadvantages of surface condensation. 

" Economical Advantages. — 1. The Saving op the Fuel 
Wasted in Blowing Out a Sufficient Quantity of Heated 
Water and Steam to Avoid Unsafe Deposit. — The amount of 
this saving in actual practice ranges from 15 to 25 per cent., 
and is an advantage in sea-going steamships that cannot be 
disputed, nor has it, in fact, ever seriously been so. That the 
amount of this saving cannot be correctly estimated by calcula- 
tion is undoubted; and the author, from much consideration 
and observation, is confirmed in his opinion previously expressed 
to this institution, that in blowing out from, or just under the 
surface of the water in the boiler (the usual practice), much 
additional waste of heat occurs from the mixture of the steam 
and its latent heat with the water that is discharged by the 
scum-pipe. 
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" 2. The Introduction of High-Pressure Steam, and Con- 
sequently THE Economy Eesulting from Increased Expan- 
sion, — ^It is impossible at present to say to what extent the 
introduction of surface condensation will immediately affect the 
increase of the working pressure. In all probability no general 
move will be made in this direction until it is ascertained what 
reliance can be placed on the durability of the boilers worked 
with fresh or distiUed water. Those engineers who have so 
perseveringly striven to mtroduce high pressure steam, with its 
attendant economy, deserve the best wishes of all who are 
earnest in steam engine improvement ; and it is matter of 
sincere congratulation that they will now have the powerM aid 
of surface condensation. Their success, or rather the success of 
the system they advocate, is only a question of time. 

" 3. The Saving of Labour in Cleaning Boilers, as well 
as THE Saving of Bepairs and Eenewals. — Of the saving of 
labour in cleaning boilers supplied from surface condensers there 
can be no doubt. The saving in repairs and renewals can only 
be credited when experience has proved its value. 

"4. The Saving of Fuel Arising from Keeping the 
Boilers Free from any Thick Scale or Incrustation. — It is 
well known with ordinary injection engines the supply of steam 
gradually lessens each year, whilst a larger amount of fuel is 
consumed to obtain the diminished supply. This waste and 
loss is entirely obviated with surface condensation, as the amount 
of scale formed, with a considerable mixture of salt water, is 
quite insufficient to cause any appreciable loss of steam or waste 
of coal. 

** These four enumerated sources of economy in surface conden- 
sation are the most prominent and evident among many other 
incidental ones. Their exact monetary value cannot be given. 

"It remains now only specifically to allude to those dis- 
advantages of surface condensation that tend to increase the 
cost of steam power. 

" 1. An Increased First Cost of Machinery, Varying from 
10 TO 20 Per Cent. — It has been asserted that the same amount 
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of power will cost less with surface condensers than with the 
ordinary system, and for the reason that half the boiler power 
can be saved ; and this statement is further supported by 
reference to a steamer in which it is said the same duty is 
realised from half the usual boiler power. The writer of that 
statement is most decidedly deceiving himself. Steam engines 
fitted with surface condensers cannot be made for the same 
money as those fitted with injection condensers. The average 
saving in steam or heat by surface condensation cannot be fairly 
taken at more than 20 per cent., or one-fifth, and it follows, 
therefore, that only one-fifth of the boiler power can be saved, 
and this amount of saving will only represent one-third or one- 
half of the extra cost of the surface condensers. That steam 
engines fitted with surface condensers and other improvements 
in machinery and boilers tending to economy of fuel may 
ultimately be profitably made, per indicated horse power, at a 
price as low as, or even lower than that now charged, is not 
only possible, but highly probable. 

** At the same time every steam engineer is aware there are 
circumstances connected with the introduction of improvements 
for economising fuel that tend to increase the first cost of steam 
power, the user, nevertheless, receiving a larger return on his 
outlay by the reduced consumption of fuel. 

" 2. The Increased Cost of Eepairs to the Additional 
Machinery and the Condenser. — This increased cost will be 
slight, and is not worthy of serious consideration. 

"Having thus briefly stated the advantages and disadvan- 
tages, mechanical and economical, incidental to the adoption of 
surface condensation, it only remains to touch on one or two 
points that have escaped notice, and then, in conclusion, to sum 
up the whole. 

" How much surface is required, per indicated horse power, is 
a question often asked, and the merits of various plans of 
condensers are decided by the amount of surface each requires 
per indicated horse power, without any regard to the degree of 
expansion or the mode of using the steam. It is quite useless 



IN CONNECTION WITH ITS PRINCIPLES. 225 

to compare the surfaces of a condenser receiving steam expanded 
fourteen or sixteen times with that of one where the steam is 
expanded twice or thrice ; and, for the same reason, the bulk 
or space occupied by condensers cannot be compared without 
making due allowance for the mode of working the engines. 
For instance, with steam expanded ten times, one-third less 
condensing surface (about) should be required per indicated 
horse-power than when expanding once. The duty of the con- 
denser is to be decided only by the weight of steam condensed 
per interval of time. 

" Furthermore, as the eflSciency of a surface condenser bears a 
proportion to the difference of temperatures of the condensing 
and condensed water, in all cases more water is required to 
condense an equal weight of steam by surface than by injection. 
In a surface condenser, if a small surface is used, the discharging 
temperature of the condensing water must be low and the 
quantity large. With a large surface the reverse will be the 
case. But, practically, it is impossible to assimilate the tem- 
peratures of the discharged condensing water and that of the 
condensed steam, as is the case in an injection condenser. 

^^ In summing up it will be stated what condensing surface the 
author has found effective in cases where the steam is cut off at 
one-third, equivalent to expanding twice, and where either 
steam jackets or superheaters are adopted. 

" The conclusions intended to be drawn from the preceding 
observations are — 

" 1. That a positive and decided saving of fuel, varying from 
15 to 25 per cent., may in all cases be realised by the substitution 
of surface for injection condensers in sea-going steamers. 

** 2. That in all cases where water is foul or impure, and can 
be obtained in sufficient quantity, surface condensers ought to 
be adopted. 

" 3. That present experience does not warrant the durability 
of boilers, worked with surface condensers, to exceed that of 
those fed with salt or impure water, by more than 50 per cent. 

" 4. That all serious corrosive action in boilers worked with 

Q 
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surface condensers can be prevented by a gradual but sufficient 
change of water without seriously affecting the saving of fuel. 

*• 5. That at present surface condensers add from 10 to 20 
per cent, to the first cost of marine steam engines* 

" 6. That one-half the capacity of air pump is sufficient to 
obtain any given vacuum when surface condensers are substituted 
for injection condensers. 

" 7. That with an expansion of twice and superheated steam 
or steam-jackets, one-half the boiler surface is ample for the 
condensing surfa<;e. 

" 8. That in all cases a larger amount of condensing water is 
reqiiired for surface than for injection condensers. 

" 9. That when surface condensers are adopted the boiler 
power may be safely reduced one-fifth, without any loss of 
indicated power." 

Agreeing as we do in the main with Mr. Spencer, who is 
one of our best practical authorities on this subject, there are 
one or two points in the matter that require " finishing off," 
which we will do in our best way, treating first of the differences 
in condensing steam inside and outside the tubes. 

When the steam is inside the tube, the action of condensation 
is as illustrated by Fig. 209, in which case the heat is radiating 
from the tube into the water, and thus the steam is condensed 
in the tube and resumes its normal condition as when put into 
the boiler as feed water. The process of condensation in the 
length of the tube is illustrated by Fig. 210, where it will be 
seen that the steam begins to change its form at about half the 
length of the tube, and that at about a quarter of its length 
water is formed, and the upper part of the tube, for that length, 
is unfilled. From those evidences we know that steam, when 
inside the tubes, begins to condense at about midway of their 
length, and is formed into water before leaving them, when the 
position and dimensions are proportionate to those circumstances ; 
the dimensions being 4 ft. 6 in. as a minimum, and 6 ft. as a 
maximum, the mean of which is 5 ft. 3 in., which is the proper 
length for a condensing tube when vertically situated, but if 
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at an angle a decrease of length of one-sixth might he used 
with advantage. The reason for those two lengths heing, that as 
with the vertical tube the steam condenses and ialls hj its 
gravity to the bottom, a shorter time is allowable for the process 

Fra.209. 
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of condensation ; whereas when the tube is angnlarly placed, 
the condensed steam rather trickles than falls to the air-pump 
end of the tube, and thus a longer time is allowed. 




longitadiiud dUgnim in connaOioa with Fig. SOS. 



Taking into notice next the result of the water being inside 
the tubes and the steam outside, as illustrated by Fig. 211, the 
evidence here is that the heat concentrates towards the tube 
because the cooling property is within the same, while during its 
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traverse it takes away the heat and thus condenses the steam 
directly aronnd the tube. The horizontal action of this is iUus- 
trated by Fig. 212, where it can be seen that the steam at the 
upper part of the tube falls on it, and the steam at the lower 
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part falls fiom the surface, so that the tube situated directly 
below receives the partially condensed steam when the tubes are 
horizontally situated. But when tlie vertical position is used. 




the steam needs much more time for condensation, because the 
spaces between the tubes are clear for the steam as a vapour 
and water to pass down amongst them, without any obstruc- 
tion. 
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The length of vertical tubes for outside condensation should 
be 8 ft. as a maximum, and 5 ft. as a minimum, thus making 
a mean of 6 ft. 6 in. ; but with horizontal tubes the maximum 
length should be 1 ft. and the minimum 7 ft., thus causing 
an average of 8 ft. 6 in. Those various lengths of tubes in 
all cases have been taken from practical results. 

Circuit of the Circulating Water for Surface Con- 
densers. — ^In this matter the first consideration is the position 
for the supply opening for the first admittance of the water, 
and the general practice is at the base of the tube compartment, 
from the belief that the hottest st^am should be cooled by the 
warmest water, by which means a more rapid aflinity occurs 
than if the extreme limits of temperature were connected. This 
arrangement has been illustrated fully in this work, both for 
outside and inside condensation, where it will be seen that the 
water enters at the bottom and passes out at the top of the 
tubes, or their compartments, as the case may be. 

Our belief in this matter is, that to cause an equal distribution 
of the circulating water when it is to be amongst or in between 
the tubes, the supply opening should be centrally of their 
length and group, with two discharge openings, one at each 
end in opposite directions, from which positions the water 
would traverse out equally in two directions at the same time, 
in uniformity with the high and low temperature of the steam. 
And in the case of the water passing through horizontal tubes, 
it should be similarly treated, by four groups of tubes, the two 
upper receiving the water from above, and the two lower ifrom 
below at the end compartments. This would equalise the tem- 
perature of the water more, and certainly cause a better vacuum 
than the forward and backward and return traverse now so 
generally used ; or a reverse arrangement of openings might 
equally and advantageously be carried out, by having a supply 
opening at each end and the discharge opening centrally placed. 
Of course the practical reason for the most general traverse is, 
that the compartment into which the water is forced will be 
always fxiU by that operation, or apparently more so than if 
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the water were raised to the top and the discharge assisted, by 
the gravity or weight of the volume descending through or 
amongst the tubes, and from thence overboard. 

According to M. Peclet, the cooling properties of polished 
metals for the condensation of steam are : — 



Water Temperature. 

68° to 77" Fahr. 



9J 



Ji 



Air 60' 



ff 



99 



Material. 



No. of pounds of Steam 

Condensed per square 

foot per hour. 

21-5 



^ Copper . 

Brass 

Copper . 

Sheet Iron 
. Tin Plate 

And according to Joule, copper tubes will condense 100 lbs. of 
steam per square foot per hour. 



18-75 
0-28 
0-36 
0-21 



On very 

thin metal 

tubes. 
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CHAPTER XVIII. 

rules and tables fob pbactical use. 

Propobtions op Condensing Appabatus pob Land Beam 

Engines. — ^Cubic contents of injection condenser = 

Cubic contents of t he engine cylinder 

61^7 

Cubic contents of air pump (single-acting ) = 

Cubic contents of the engine cylinder 

6tol • 

TV. , « . , Diameter of air pump 
Diameter of air pump rod = g-r — ^ — • 

Area of suction valve = Area of air pump x '64. 

Area of piston valve = Area of suction valve. 

Area of discharge valve = Area of air pump x '75 as a 
minimum. 

Area of injection water pipe in square inches, temperature 
about 50° to 60° = Cubic contents of cylinder in feet x the 
exhausting pressure of the steam per lb. per square inch used as 
decimals. 

Another rule is — 

Area of injection pipe in square inches = Number of cubic 
inches of water per cubic foot of steam at exhausting pressure x 
Cubic contents of cylinder in feet x 5 to 6 [-=- 60]. 

The origin of this rule is, that to condense steam to cause a 
vacuum of 14 lbs., it requires five to six times as much injection 
water at 60° Fahr. as the water in the steam. 
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Table of Saturated Steam at different Pressures. 



Actual 

pressure of 

the Steam 

exclusive of 

the 

Atmospheric 

Pressure. 



Tempera- 
ture in 

degrees of 
Faht. 



Elastic force 

in inches of 

Mercurj. 



lbs. 




1 


216-3 


2 


219-5 


8 


222-5 


4 


225-4 


5 


228-0 


6 


230-6 


7 


233-1 


8 


235-5 


9 


237-9 


10 


240-2 


11 


242-3 


12 


244-4 


13 


246-4 


14 


248-4 


15 


250-4 


16 


252-2 


17 


254-1 


18 


255-9 


19 


257-6 


20 


259-3 


21 


260-9 


22 


262-6 


23 


264-2 


24 ' 


265-8 


25 


267-8 


26 


268-7 


27 


270-2 


28 


271-6 


29 


273-0 


80 


274-4 


31 


, 276-8 


82 


1 277-1 


83 


278-4 


34 


279-7 


35 


281-0 


36 


282-3 


37 


283-6 


38 


' 284-7 


39 


' 285-9 


40 


287-1 


41 


288-2 


42 


289-3 


43 


290-4 



32 

34 

86 

38 

40 

42 

44 

46 

48 

61 

53 

55 

57 

57 

61 

63 

65 

67 

69 

71 

73 

75 

77 

79 

81 

83 

85 

87 

89 

91 

93 

95 

97 

99 

102 

104 

106 

108 

110 

112 

114 

116 

118 



-64 

•68 

-72 

-76 

-80 

-84 

-88 

-92 

-96 

•00 

•04 

-08 

•12 

-16 

-20 

-24 

•28 

-32 

-36 

-40 

-44 

•48 

-52 

•56 

•60 

•64 

-68 

-72 

-76 

-80 

-84 

•88 

-92 

-96 

-00 

•04 

•08 

•12 

-10 

-20 

-24 

-28 

•32 



Cubic inches 
of Water to 

produce 

1 cubic foot 

of Steam. 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
8 
3 
8 
3 
3 
3 
8 
3 
8 
3 



-099 
-162 
•226 
-287 
-350 
-411 
•474 
•586 
•597 
•658 
•719 
-779 
•840 
•910 
-959 
-021 
•079 
-138 
•198 
•258 
•316 
•376 
-433 
-493 
-552 
•610 
•670 
•725 
•787 
•842 
•899 
•958 
-015 
-074 
-130 
•188 
•248 
•304 
•361 
-415 
•465 
•626 
-686 



\ olume of yf^^^^ ^ 

^*f "* ^ one cubic 
produced f^j ^f 


from one of stMm in lbs. 


Water. 




1572 


0397 


1487 


0419 


1410 


0442 


1342 


0465 


1280 


0487 


1224 


0510 


1172 


0532 


1125 


0676 


1082 


0598 


1042 


0620 


1005 


0642 


971 


0664 


939 


0686 


909 


0707 


881 


0729 


886 


0751 


880 


0772 


807 


0794 


786 


0815 


765 


0837 


746 


0858 


727 


•0879 


709 


•0900 


698 


•0921 


677 


•0942 


661 


•0963 


647 


•0988 


634 


•1004 


621 


•1026 


608 


•1046 


696 


•1067 


684 


•1087 


673 


•1108 


662 


'1129 


662 


•1141 


542 


•1160 


682 


•1170 


623 


•1192 


614 


•1212 


506 


•1232 


498 


•1252 


490 


•1272 


482 


•1292 



AND BULES AND TABLES. 
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Actual 
















pressure of 
the Steam 


Tempera- 

tnTP in 


Elastic force 


Cubic inches 
of Water to 


^1^" 1:^"'/ 






exclusive of 

the 
Atmospheric 


vIXAC 111 

degrees of 
Faht. 


in inches of 
Mercury. 


produce 

1 cubic foot 

of Steam. 


J J one cubic 
produced f^^^^ 

Water S*««"i^J»*. 






Pressure. 
















lbs. 
















44 


291- 


6 


120- 


'36 


3' 


'645 


474 


1314 






45 


292' 


1 


122' 


'40 


3 


'700 


467 


1336 






46 


293- 


•8 


124 


-44 


3 


•763 


460 


•1356 




47 


294- 


8 


126 


'48 


3 


'814 


453 


•1376 




1 *^ 


295" 


9 


128' 


'52 


3 


'865 


447 


•1396 




49 


296- 


9 


130 


'56 


3 


'927 


440 


1416 






50 


298' 





132 


■60 


3 


•981 


434 


1436 






51 


299' 


•0 


134 


'64 


4 


•037 


428 


1456 






52 


300' 





136 


•68 


4 


•094 


422 


•1477 






53 


300' 


•9 


138 


'72 


4' 


143 


407 


•1497 






54 


301 


•9 


140 


•76 


4 


•204 


411 


•1516 






55 


302' 


'9 


142 


'80 


4 


•256 


406 


• 1535 






56 


303' 


'9 


144 


'84 


4 


•309 


401 


•1555 






57 


304' 


•8 


146' 


88 


4 


'363 


396 


1574 






58 


305' 


•7 


148 


•92 


4 


•419 


391 


1595 






59 


306' 


•6 


150 


•96 


4' 


•476 


386 


1616 






60 


307- 


5 


153 


•00 


4 


•535 


381 


1636 






61 


308' 


•4 


155 


04 


4 


•583 


377 


1656 






62 


309' 


3 


167 


08 


4' 


•646 


372 


1675 






63 


310 


2 


159 


•12 


4' 


•695 


368 


1696 






64 


311 


•1 


161 


16 


4' 


•747 


364 


1716 






65 


312 





163 


'29 


4' 


•812 


359 


•1736 






66 


312' 


•8 


165 


24 


4- 


'867 


355 


1756 






67 


313 


'6 


167 


•28 


4 


•923 


351 


1776 






68 


314 


•5 


169- 


32 


4 


•965 


348 


1795 






69 


315 


3 


171 


'36 


5 


•023 


344 


1814 






70 


316 


1 


173 


'40 


5 


•082 


340 


1833 






71 


316' 


'9 


175 


'47 


5 


127 


337 


-1852 






72 


317' 


•8 


177 


'48 


5 


189 


333 


•1871 






73 


318 


'6 


179 


'52 


5 


'236 


330 


1891 






74 


319' 


'4 


181 


'56 


5' 


•300 


326 


-1910 






75 


320 


2 


183 


■60 


5 


'439 


323 


-1929 






76 


321 





185 


•64 


5 


'400 


820 


-1950 






77 


321 


•7 


187 


•68 


5' 


'451 


317 


1970 






78 


322 


•5 


189 


72 


5 


•520 


313 


-1990 






79 


323' 


3 


191 


'76 


5 


'574 


310 


-2010 






80 


324' 


1 


193 


•80 


5 


'628 


307 


-2030 






81 


324 


•8 


196 


'84 


5 


'665 


305 


'2050 






82 


325 


•6 


197' 


'88 


5 


721 


302 


-2070 






83 


326' 


3 


199' 


'92 


5 


'779 


299 


-2089 






84 


327 


1 


201 


'96 


5 


'837 


296 


-2108 






85 


327' 


•8 


204 


00 


5 


'897 


293 


2127 






90 


331 


•3 


214 


'20 


6' 


150 


281 


-2218 






95 


334' 


'6 


224' 


40 


6" 


424 


269 


-2317 






100 


338-0 


234*60 


6-672 


259 


2406 
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The use of the foregoing table for practical purposes is this : — 

Suppose the capacity of a cylinder is 80 cubic feet, and the 

steam is cut off from it when the piston has made ith of the 

80 
complete stroke, then -7- = 20 cubic feet of space, which is the 

amount of steam contained in the cylinder during one stroke of 
the piston. We will imagine that the ftJl pressure of the 
steam is 60 lbs. on the square inch, and next, that we require 
to know the amount of water which the steam in question 
represents. Looking at the table, we see that one cubic foot of 
steam at 60 lbs. pressure is produced from 4*535 cubic inches 
of water, then 20 x 4'535 = 90*7 cubic inches of water, in 
the form of steam, used in the cylinder for each stroke of the 
piston. 

Next we must notice the elasticity of the steam, and its 
temperature corresponding with the pressure. Conclude, as an 
example, that the steam is 40 lbs. on the square inch, we shall 
see in the table that its temperature is 287*1^. Suppose the 
40 lbs. to be the pressure in the boiler, and that it loses 5 lbs. 
on the square inch when reaching the cylinder, what will the 
loss of heat be ? Here let 40 — 6 = 35 ; then 35 lbs. pressure, 
according to the table, = 281**, which shows that 287P - 
281 = 6*1** loss of heat, or what is lost by radiation. 

Imagine next that the steam, at 35 lbs. pressure, entering the 
cylinder, is cut off at 1th of the stroke of the piston, and is 
exhausted at f ths of the stroke, what will be the reduction of 
the pressure at the point of exhaustion? The area of the 
cylinder is assumed as 20 feet, the stroke of the piston 4 feet ; 
then 20 X 1 = 20 cubic feet, being the amount of steam in the 
cylinder when the supply terminated ; the exhaustion occurring 
when the piston has reached 3 feet. Now, as the theoretical 
law which governs the rate of the expansion of steam is, that 
inversely as the cubical contents of the space in the cylinder 
for expansion increases, so will the pressure of the steam in it 
be reduced, supposing the supply to be cut off. This is founded 
on the law discovered by Boyle and Mariotte, who proved 
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*' that the volume of a given quantity of steam is inversely as 
the pressure it bears/' For example, if steam, at 60 lbs. on the 
square inch, occupying 20 cubic feet, is expanded into 40 cubic 
feet, the pressure will be reduced to one-half, or 30 lbs. ; which 
converts the following formula introduced by the author in his 
paper read at the Hall of the London Society of Arts, to the 
members, December 18th, 1867: — 

"To the cubical contents for the supply, add the cubical 
contents for expansion; divide the total sum by the cubical 
contents for supply ; the initial pressure of the steam, divided 
by the quotient, equals the pressure of the steam when expansion 
terminates. Now, let A = cubical contents for supply ; B = 
cubical contents for expansion ; = initial pressure of the 
steam ; and x = the pressure when expansion terminates ; then, 
by the above formula, the symbols are thus arranged, x = C — 

[A + Bj ,_ ^^^ ^ ^^^ into the figore, dluM to in tho 

A = 20 
question, are thus — B = 40 

C = 35 

11*666 for the pressure of the steam when expansion is con- 
cluded." 

It will, therefore, be understood that A = the area of the 
cylinder, x the length of the stroke of the piston during the 
supply of the steam, and that B = the length from the end of 
A, that the piston travels till exhaustion ensues, x by the same 
area, and that C is the maximum pressure of the steam in the 
cylinder. 

Now, on referring again to the table, we shall find the relation 
that the volumes of the steam bear to each other under the two 
pressures named ; at 35 lbs. the volume is 552, and at 11 lbs. 
the volume is 1005, and at 12 lbs. it is 971, so that the mean = 

o , 988; therefore, 11'666 lbs. pressure corresponds 

996 
with a volume of about 996; then ^.^ = 1*80, which proves 



20 + 40, then |^ = 3, and ^ 
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that the steam is reduced in rarefication in the proportion of as 
1 is to rSO, or that the saturation of the steam is 1'80 times 
more apparent at 11'666 lbs. pressure than at 35 lbs. on the 
square inch, while the temperatures are 243'4° and 281® respec- 
tively, showing a reduction of 37 "6° of heat, radiation excepted. 

Proportions op Marine Injection Condensers and Fittings 

poR Screw Propeller Engines. 

Condenser. 

^ . . , , n , . T cubic contents of cylinder 
Cubic contents tor one cylinder = ^-t — „ • 

_ _. . cubic contents of cylinder x 1*5 
For two cyunders = ^ . to 7 • ' 

Thickness of body = i to li of an inch, being ribbed, and in 
some cases stayed for large engines. 

Thickness of securing flanges = thickness of body x 1 * 25. 
Thickness of doors = thickness of body x • 8 to '6. 
Diameter of securing studs = thickness of metal of doors. 

Air Pumps. 

^ , . . , , , , .. cubic contents of cylinder 
Cubic contents, double acting = frPl — Yo^ " 

^ ,. , ^ . , ^. cubic contents of cylinder 
Cubic contents, smgle acting = er~^~ 1^~ ' 

Stroke of pump = stroke of engine. 

Area of valves = area of pump x * 75 to '8. 

Valves. 

These valves are discs of vulcanized india-rubber ; the average 
diameter is about 6 to 7 inches^ but it should never exceed 
9 inches. 

Thickness of valve = ^ to f of an inch. 

Lap of valve = thickness x '5. 

diameter 
Lift of valve = i . 
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Valve Seating. 

Thickness of flange = thickness of valve x • 8 to '75. 

Diameter of securing studs = thickness of valve. 

Pitch of studs = diameter of stud x 8 ' to 7 ' . 

Area of each small opening in seatings should never exceed 
2 square inches. 

Thickness of ribs = |- of an inch per square inch of opening. 

Depth of ribs = ^ of an inch per inch of extreme diameter of 
opening. 

Diameter of securing bolts for guard = ^ to |^ of an inch per 
inch of valve's diameter. 

Diameter of securing bolt boss in seating = diameter of stud 
+ twice the lap of valve. 

Eadius of curve of guard = diameter of valve x '6 to '5, but 
in some cases the guard is angular. 

Thickness of guard = |^ to i of an inch. 

An approximate mode to obtain the effective area of the 

openings in one valve seating = area of the diameter of the 

opening x *5 to '7, the latter being for diameters from 5 to 7 

inches. 

m i. 1 i-j. X c • effective area 

Total area of diameter of openmgs = — -^--t — -^^ — . 

Area for exhaust steam pipe for 2 cylinders = area of exhaust 
opening from 1 cylinder x 1*5 as a maximum, 1*25 as a mini- 
mum. 

Area of exhaust (water) for 2 air pumps = total area of 
1 set of valves for 1 air pump x 1*5. 

Area of injection (sea-water) for 2 cylinders = cubic contents 
of 1 cylinder in feet x 1*5 as a minimum, 2 as a maximum x 
the pressure of steam per square inch used as decimals. 

The bilge injection valve and piping is usually smaller than 
the sea injection, say about tV^^ ^^ ^^ diameter deducted, will 
be the difference in the proportions. Now, as the " bilge injec- 
tion " is to drain the bilges in the case of emergency, the bilge 
water should not enter the condenser, but the air pump only. 

Air pump lining is usually of gun metal, secured either by a 
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flange, with studs or a packing recess cast in the casing ; in 
some cases studs of gun metal h inch in diameter are recessed in 
the lining, and tapped into the casing; by this means the 
flanges and packing are dispensed with. 

Thickness of lining = ^ to ^ an inch, with raised surfaces 
for turning and fitting. 

Air pump piston, or plunger, is entirely of gun metal with 
metallic packing rings and studs, as illustrated by Fig. 108. 

Depth of piston ring = diameter x '3 to •£. 

Thickness of metal of body = f to ^ inch. 

Thickness of ribs 4 to 6 = thickness of body x '7 to '6. 

_. ^ . - diameter of piston 
Diameter of air pump rod = g. . n. 

Area of snifting valve = 1 to f of a square inch per foot of 
cubical contents of condenser. 

Injection Valve. 

This valve regulates the water from the sea by a Kingston 
valve The injection valve and casing are made entirely of gun 
metal, the valve and seat are of a gridiron shape, with 3 or 4 
openings. 

Length of openings = diameter of pipe. 

,^. - , ^ , . area of one opening 
Width of each opening = length ' 

Thickness of metal of body = J to f of an inch. 
Thickness of flanges = thickness of body x 1'12B. 
Diameter of valve rod = ^ to ^ of an inch per inch of 
diameter of pipe. 

Diameter of studs = ^ to f of an inch. 

Proportions of Marine Injection Condensers and Tittings 
FOR Paddle- Wheel Oscillating Engines. 

Condenser. 

Cubic contents of condenser for 2 cylinders = 

Cubic cont ents of 1 cylinder x 1'5 

6to7 
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Air Pump Vertical Action. 

Cubic contents of air pump, single acting, when 1 is used = 
that of condenser. 

Cubic contents of 1 air pump, single acting, when 2 are 
cubic contents of 1 cylinder 



used = 



6- to 7- 



Stroke of air pump = stroke of engine x '5 to '4. 

Area of suction valves in piston = effective area of pump x 

*4 to *5, or as much larger as practical. 

^. , ^ ^ ^ diameter of air pump 
Diameter of connecting rod = ^ . q, — • 

Diameter of pin for piston = diameter of connecting rod. 
Thickness of trunk at neck = J to -f of an inch, slightly 

tapering at the extremity. 

diameter of trunk 
Depth of stufl5ng box for trunk = jtt — f: 

Depth of gland = depth of stuflSng box x '6 to '7. 

__ . _ /. , 1 diameter of trunk 
Thickness of gland = 8' to 10* * 

Area of one cap bolt = area of connecting rod x •25. 

diameter of rod 
Thickness of keying socket = w-. • 

Area of injection pipe as for screw engines. 

Kingston Valves. 

This valve is used to allow the sea water to flow into the 
condenser, bilge, or boilers. 

Diameter of valve = 2^ to 9 inches, but from 4 to 6 inches 
is the most practical to keep water-tight and secure to the 

bottom of the ship. 

diameter 
Depth of valve = 2. ^ 3. • 

diameter 
Thickness of valve = g r^^g : * 
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^. . p , ., , . ,, diameter of valve 
Diameter of valve-guide s spindle = ^—-7 — ^Z • 

Taper of side of cone inserted in ship = 2 to 3 in 12. 

Position of guard = length of cone beyond valve x '5. 

Depth of guard = depth of valve. 

Length of guide of valve spindle should allow the valve to 
open ^ of the valve's diameter. 

Thickness of guard = ^ as a minimum for guards 3 inches in 
diameter, increasing, above this, | of an inch per 2 inches of 
diameter. 

Diameter of valve rod = ^ to t?^ of an inch per inch of valve's 
diameter. 

Thickness of body of casing = f as a minimum for 2^ inches 
in diameter, increasing, above this, ^ to ^^ of an inch per inch 
of diameter. 

Diameter of clip studs = diameter of valve rod x '75. 

Depth of clip = diameter of valve rod x 1 to '75. 

Length of handle 6 to 10 inches. 

Diameter of handle 1 to l^ inch. 



Discharge Water Valve and Casing. 

Internal area of casing = area of extreme diameter of valve x 2. 

Thickness of casing gun metal = f of an inch for casing 12 
inches in diameter, increasing ^ of an inch per 6 inches of 
diameter. 

Thickness of casing (cast iron) = thickness of that for gun 

metal x 2 to 1*75. 

__ . _ ^ , diameter of valve 
Thickness of valve = IQ to 1 5 * 

^ _ . _. diameter of valve 
Diameter of valve spmdle = 8^to~12 * 

Proportion of the stufl5ng-box, gland, cover, flanges, and studs, 
as for steam cylinder. 
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Marine Surface Condensers. 

By a happy coincidence, it is found in practice that the ratio 
of the cooling surface in square feet per nominal horse-power is 
nearly analogous with the pressure of the steam in pounds per 
square inch when it enters the condenser, as the following table 
indicates : — 

Burgh's Table of the total area of the tubular surface per 
nominal horse-power when the indicated horse-power = 
nominal x 5 to 6. 











No. of cubic 




% 


Pressure of 
>team on en- 
tering the 
condenser. 


Degrees Fahr. 
of correspond- 
ing tempera- 
ture of steam. 


Ratio of tube 

surface in 

square teet 

per nominal 

horse-power. 


inches of cir- 
culating water 
per stroke of 
the pump per 
square foot of 
tube suifiire. 






lbs. 












1 


216' 


3 


1- 


26 


5" 


•96 






2 


219" 


5 


2 


31 


5' 


60 






3 


222 


6 


3- 


31 


6 


27 






4 


225' 


4 


4" 


28 


4 


•95 






5 


228- 





5- 


15 


4- 


66 






6 


230- 


6 


6' 


02 


4" 


37 






7 


233- 


1 


6' 


•85 


4" 


•10 






8 


235 


5 


7- 


60 


3" 


•84 






9 


237 


■9 


8" 


•46 


3 


52 






10 


240 


'2 


9" 


22 


3 


•30 






11 


242" 


3' 


9" 


91 


3 


•07 






12 


244 


'4 


lo- 


61 


2 


•84 






13 


246" 


•4 


ll" 


'28 


3 


•61 






14 


248" 


•4 


11" 


95 


2 


•39 






15 


250- 


4 


12' 


58 


2 


■18 






16 


252" 


2 


13" 


21 




•97 






17 


254 


•1 


13" 


-85 


1 


•76 






18 


255 


•9 


14 


•45 


1 


•56 






19 


257 


'6 


15 


•01 




•37 






20 


269-3 


15-68 


1-18 





From this table we produce the three following rules : — 
Area of tube surface in square feet = ratio of tube surface x 

nominal horse-power. 

Cubic contents of circulating water pump in inches = area 

of tube surface in square feet x number of cubic inches of water 
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required according to the temperature of the steam when entering 
the condenser. 

. ^ . . , cubic contents in inches 

Area oi pump in square mches = i n: — ir~r~ ^ — •—— i— — 

^ ^ ^ length 01 stroke m inches 

The proportions of the valves, air pump, and fittings, &c., are 
as for the injection air pump as already given. 

Together with those rules, the engineer must remember that 
the door openings should be as large as convenient to the 
arrangement of the pumps and valves : the minimum size for 
side openings being 9 inches high and 14 inches long, and for 
top or over-head openings, 12 inches wide and 18 inches long. 
The doors must be secured by studs and nuts of f ths to f ths 
of an inch in diameter, and pitched at eight times the diameter. 
The thickness of the body of condensers should be iths of an 
inch as a minimum and I^ inch as a maximum, and ribs should 
be introduced at all places where resistance is required. Of course 
circular and current portions require no ribs, but straight 
surfaces must be ribbed or stayed to be made sufficiently rigid. 

The position of the snifting valve should be as low as the 
bottom of the condenser in all cases, and if below that, with a 
branch passage for more effectual draining, there will be the 
advantage of more rapidity of action. 

The securing bolts for condensers should be about 1 to 1^ 
inch in diameter for small sizes, and 1^ to 2 inches for large 
sizes, at a pitch of twelve times the diameter. The securing 
flanges should be three times the width of the bolts used, and 
ribbed between every two bolts, to ensure certain strength. 

Cast iron is the general material for condensers, and these 
rules refer to that metal : but in some cases rolled brass sheets 
have been used for the bodies of cylindrical surface condensers, 
with a great reduction of weight, and we have known the 
pumps' and valves' casings of gun-metal, also for the same 
purpose ; but where economy of primary outlay is demanded, 
the cast iron structure must be adopted as of old. 



( 243 ) 



INDEX OP ILLUSTEATIONS. 



AIR CONDENSERS. 
Fig. Page. 

193. Thorold'fl Air CondeMer, for the condenBa- 

tioQ of steam from Marine Engines, pa- 
tented in the year 1864 192 

194. Slaughter's Air Condenser for Locomotives 193 
196. Thorold's ditto 195 

AIR-PUMPS FOR BEAM BNGINEa 

2. Watt's Original Pump and Valves ... 6 

10. Howe's Improved Pump and Valve erected 

at Clay Cross, Chestet^eld 13 l 

11. Burgh's Pump and Valves erected at 

Weedon 14 I 

12. Cornish Pump witliout a Suction Valve . 15 1 

13. Burgh's Pump with an Inverted Suction 

Valve 15 I 

14. Burgh's Pump with top Valves .... 16 

15. American Pump with under Valves. . . 17 

16. Burgh's Pump with under Valves ... 17 
146. Arrangement of Air Pump and Valves for 

the Surface Condenser of a Beam Engine, 
constructed by Messrs. Whieldon, Ijecky, 
and Lucas, for the Luton Water- Works, 
in the year 1869 136 

AIR-PUMPS FOR PADDLE-WHEEL MARINE 

ENGINES. 

18. Vertical Pump, with the Valves directly over 

each other 19 

19. Ditto ditto ditto . . .20 

20. Angular Air-Pump, with the Discharge 

Valves at the side 21 

21. Watt's Angular Pumps, with single Piston 

Valves to each, separutely accessible, 
Suction Valves, and Box-Seating Dis- 
charge Valves nt the side 23 

22. Elder's Vertical Double- Acting Air-Pump . 24 

23. Burgh's Pump, without Piston Valves . . 26 



Pig. Page 

69. Watt's Plain Horizontal Plunge Pump . . 65 
Day's Angular Pumps, with single Valves 
over each other 71 

AIR-PUMPS FOR SCREW PROPELLER 
MARINE ENGINES. 

24. Napier's Plunger Trunk Pump .... 28 

27. Rennic's ditto 30 

29. Tod's Twin Plunger Pumps 32 

31. Jackson's Trunk and Piston Pumps . . 34 

41. Burgh's Piston Plunger Pump .... 45 

45. Watt's Piston Pump 4S 

45a. Dudgeon's Plain Plunger Pump ... 49 

72. Macknab's Trunk and Piston Pumps . . 73 

73. Davison's Plain Plunger Pumps .... 75 

74. Spencer's Double-Acting Piston Pumps, 

with Valves at the side 76 

75. Watts Vertical Pumps, with single Piston 

and Suction Valves .•..*.. 78 
78. Humphrys* Vertical Pump, with the Suction 

Valves at the side 79 

81. Dudgeon's Plain Plunger Angular Pump . 84 

85. Burgh's Plain Plunger Horizontal Piunp . 88 

94. Ditto ditto ditto .... ^96 

103. Spencer's Double-Acting Piston Pump, with 

the Valves over each other at the side . 103 

104. Burgh's Double-Acting Patent ♦•Warran- 

ted "Pump 104 

105. Burgh's Horizontal Piston Pump . . . 105 

106. Dudgeon's Plain Plunger Pump . . . 106 

107. Burgh's Plain Plunger Pump, with an im- 

proved arrangement for the Valves . . 106 

APPARATUS FOR THE CONDENSATION OP 
STEAM OUTSIDE THE HULL. 

189. Arrangement of Crich ton's Condensing Ap- 
paratus for Marine Engines, patented in 
the year 1866 188 



244 



INDEX OF ILLUSTRATIONS. 



Fig. P«ge 

190. Orichton's Arrangemeut of Surface Oonden- 

Bing Pipes outside the hull, for the Conden- 
eation of Steam, patented in the year 1866 189 

191. Simon's System for the Condeusation of 

Steam outside the hull, applied in the year 
1868 ...••.••••• lo9 

CIRCULATING PUMPS FOR SURFACE 
CONDENSERS, 

68. Davison's Vertical Single-Acting Pump . 64 

69. Watf 8 Plain Horizontal Plunger Pump . 65 

71. Day's Angular Single-Acting Pump . . 68 

72. Dod's Vertical ditto 73 

73. Davison's Horizontal Plain Plunger Pump 75 

74. Spencer's Continued Pump 76 

103. Ditto Ditto Ditto .... 103 

75. Watt's Vertical Trunk Single-Acting 

Pump 78 

Humphrys' Vertical Single-Acting Piston 

Pump 79 

84. Burgh's Plain Plunger Pump .... 87 
94. Ditto Ditto 96 

104. Burgh's Vertical Patent Pump . . . .104 
107. Burgh's Improved Pump . . ... 106 

CENTRIFUGAL PUMPS. 

98. Gwynne's Centrifugal Pump for Marine 

Engines 100 

99. Turner's ditto 101 

100. Modem Centrifugal Pump 101 

102. Engines for working ditto 102 



CONDENSATION OF STEAM (INTRO- 
DUCTION OF), 

] . A copy of the original sketch of Newcomen'a 
Single-Acting Land Beam Engine and 
Condensing Apparatus, invented and 
erected by him in the year 1711 . . . 

i. Sectional Elevation of Watt's Injection Con- 
densing Apparatus, invented and erected 
by him for Double-Acting Land Beam 
Engines, in the year 1769 

3. Sectional Elevation of Injection Condenser 
and Air-Pump for a Side-Lever Marine 
Paddle-wheel Engine, as used in the year 
1820 

5. Hall's •* Strainer/' to prevent the choking 

of Condenser Water-tubes, invented In the 
year 1831 

6. Hall's '* Inside" Surface Condenser and 

Air-Pump, fitted in tlie S. S. " Hercules," 
in the year 1837, trading between London 
and Cork 



Fig. Pii«e 

8. Hall's Method for the equal Distribution of 
the Steam for '* Inside" Sur&oe Conden- 
sation, applied in the year 1838 . . . 10 

9. Sectional Elevation of the Doable-Acting 
Air-Pump and Injection Condenser fitted 
in the Steamship ** Nimzod ** in the year 
1843 11 

CONDENSERS FOR MODERN STATIONARY 
LAND STEAM ENGINES. 

10. Howe's arrangement of Air-Pump and Con- 
denser of a Beam Engine erected at Clay 
Cross in the year 1862 13 

11. Arrangement of the Air-Pump and Con- 
denser of a Beam Engine erected at 
Weedon in the year 1863 14 

12. Cornish Arrangement of Air-Pump and 
Condenser without a Suction or Foot Valve, 
used since the year 1858 15 

13. Burgh's Arrangement of Air-Pump and 
Condenser, with an inverted Suction Valve 
and no Discharge Valve, used since the 
year 1860 15 

14. Burgh's "Overhead" Condenser and Air- 
Pump arrangement for Beam Engines, 
applied in the year 1862 16 

15. An Arrangement of Under-Valve Air-Pump, 
for the Condensers of Beam Engines, used 
since the year 1860, in America ... 17 

16. Burgh's Under-Valve Arrangement fur 
Single-Acting Air-Pumps for Steam Con- 
densers, applied in the year 1863 ... 17 

17. "Spray Plate" Injection Condenser, used 
since the year 1856 18 

EJECTOR-CONDENSERS. 

155. Barclay's Disc Ejector, as applied for the 
discharge of fiuids, patented in the year 
1863 151 

156. Barclay's Disc Ejector, as applied as a 
Condenser, patented in the year 1863 . . 152 

6 I 157. Barclay's Cone Ejector, as applied as a Con- 
denser, patented in the year 1863 . . . 152 

158. Sheppard's Alteration of the ordinary Gif- 
fard's Injector to a Condenser-Ejector, as 
applied in the year 1867 153 

159. Slieppard's Ejector for the Condensation of 
Steam, invented and applied to an engine 
in the year 1867 153 

162. Barclay's Double Nozzle Ejector for the 
Condensation of Steam, fitted with a Steam 
Chamber to equalize the process of con- 
densing 155 



INDEX OF ILLUSTRATIONS. 



245 



Fffc Page 

163. Morton's Double Nozzle Ejector for the 

Conden3ation of Steam, fitted with a Steam 
Jet Nozzle Pipe to raise the injection 
water, patented in the year 1867 . . . 155 

164. Morton's Double Nozzle Ejector for the Con- 

densation of Steam, fitted with a Spindle 
instead of the ** Steam Jet," patented in 
the year 1867 156 

165. Morton's Liquid-Gnrrent-Indncing Appara- 

tus, for rainng water to condense steam, 
applicable to the Ejectors previously 
illustrated, patented in the year 1867 . 156 

166. Barclay's Arrangement of Ejector, Conden- 

ser, and Appendages, with a toorking 
Injection YaWe, as applied to the Cylinder 
of his Foundry Engine in the year 1868 . 157 

167. Morton's Arrangement of Ejector fitted to 

Inverted Direct-Acting High-Pressure 
Engines, for the Concfensation of the 
Steam, in the year 1868 158 

168. Complete Elevation of Morton's Ejector for 

the Condensation of Steam from Single 
Cylinder Engines 170 

169. Complete Elevation of Morton's Ejector for 

the Condensation of Steam &om two 
Cylinder Engines 170 

170. Sectional Elevation of Morton's Ejector for 

the Condensation of Steam f>om two 
Cylinder Engines 170 

171. Barclay's Ejector-Condenser, fitted with a 

Central Jet Steam Pipe, to be used on 
starting the Engine in the place of the 
Side Jet Pipe, as shown by Fig. 170, 
patented in the year 1869 . . - . . 171 

172. Sectional Elevation of Barclay's Double 

Nozzle Central Steam Jet Ejector-Con- 
denser in full work, patented in the year 
1869 172 

173. Barclay's Central Plug Ejector, connected 

to an ordinary Injection Condenser, as a 
substitute for an Air-Pump, patented in 
the year 1869 173 

174. Morton's Single Branch Central Steam 

Jet Ejector, fitted with Steam-Regulating 
and Non-Betum Water Valves, patented in 
the year 1869 174 

17.1. Morton's Ejector, as shown by Fig. 174, 
fitted with a Rack and Pinion to regulate 
the Combining Nozzle, patented in the 
year 1869 174 

176. Morton's Ejector-Condenser, as arranged 
for two Cylinders, with a Self-Acting 
Combining Nozzle, patented in the year 
18G9 176 



FifE. Pagp 

177. Morton's Steam Double Branch Ejector-Con- 

denser, fitted with a Rack and Pinion to 
regulate the lower Combining Nozzle, 
patented in the year 1869 176 

178. Morton's Steam Double Branch Ejector- 

Condenser, fitted with a Rack and Pinion 
to regulate the upper Combining Nozzle, 
patented in the year 1869 176 

179. Morton's Ejector-Condenser, fitted with 

Rack Gear and a Side Passage, patented 
in the year 1869 177 

180. Morton's Separate Combining Nozzle 

Ejector-Condenser, patented in the year 
1869 177 

181. Barclay's Steam Jet and Double Steam 

Branch Ejector-Condenser, patented in 
the year 1869 178 

182. Barclay's Compound Nozzle Ejector-Con- 

denser, fitted with a Vacuum Valve to- 
regulate the Steam Jet, patented in the 
year 1869 179 

183. Sectional Elevation of Barclay's Compound 

Nozzle Ejector-Condenser for two Cylin- 
ders, illustrating the process of condensa- 
tion, patented in tiie year 1869 . . .181 

184. Barclay's Ejector-Con'denser, with a Stop- 

Cock in the Side Passage, and fitted with 
a Foot- Valve, patented in the year 1869 . 182 

185. Barclay's Ejector-Condenser, fitted with a 

Tappet Injection Valve and Flap Dis- 
charge Valves, patented in the year 18t9 183 

186. Barclay's Eccentric and Tappet Gear for 

Ejector-Condensers, patented in the year 
1869 184 

187. Barclay's Ejector-Condenser, fitted with 

Valves and Gear, for ^Vinding Engines, 
patented in the year 1869 186 

188. Morton's Double Combining Nozzle and 

Overflow Side Passage Improved Ejector- 
Condenser, as constructed by him for 
general purposes in the year 1870 . . . 187 

INJECTION - CONDENSERS FOR MODERN 
OSCILLATING PADDLE-WHEEL MARINE 
ENGINES. 

18. Modified Arrangement of Air-Pump and 

Annular Condenser for Vertical Oscillat- 
ing Paddle-Wheel Engines, as generally 
fitted in small river steamen since the 
year 1830 19 

19. Laird's Trunk Air-Pnmp and Side Con- 

denser for Angular Oscillating Paddle- 
Wheel Engines 20 



246 



INDEX OF ILLUSTRATIONS. 



Fig. Piige 

20. Present Arrang:ement of Air-Pump and 

Condenser for large power Vertical Oscil- 
lating Paddle-Wheel Engines, used since 
the year 1862 by the leading firms of 
England and Scotland 21 

21. Watt's present arrangement of Air-Pumpe 

and Condenser for Oscillating Paddle- 
Wheel En*:incs, used by them, since the 
year 18G0, for all types and powers . . 23 

22. Elder*8 Double-Acting Air-Pump for 

Condensers of Paddlc-Wheel Engines, 
patented in the year 1856 24 

23. Burgli's Overhead Condenser, Plunger Air- 

Purap, requiring only ttco sets of Valyes, 
with perfect condensation, for Oscillating 
Paddle- Wheel Engines, invented in the 
year 18G2 26 

INJECTION - CONDENSERS FOR MODERN 
HORIZONTAL SCREW - PBOPELLER 
MARINE ENGINES. 

24. Longitudinal Sectional Eleyation of Napier's 

Plunger-Trunk Air-Pump and Condenser, 
invented in the year 1850 28 

25. Sectional Plan of Napier's Plunger-Trunk 

Air-Pump and Condenser, invented in the 
year 1850 29 

26. Complete and Sectional Elevations of 

Napier's Plunger Air-Pump and Con- 
deuiier, invented in the year 1850 ... 29 

27. Ronnie's Plunger Air-Pump and Condenser, 

invented in the year 1855 30 

28. Complete and Sectional Elevations of Tod's 

Twin-Plunger Air-Pumps and Condenser, 
patented in the year 1859 32 

29. Longitudinal Sectional Elevation of Tod's 

Twin-Plunger Air-Pnmps and Condenser, 
patented in the year 1859 82 

30. Sectional Elevation of Tod's Condenser, 

siiowing the Pumps in complete view, 
paleoteil in the year 1859 32 

31. Jackson's Air-Pump Plunger and Con- 

denser, as patented and fitted by them for 
Inverted Screw Enpjiiies, in the year 1863 34 

32. Penn's Injection Condensers and Double- 

Action Air^Puraps, for directing Double- 
Trunk Screw Engines, as used ^ince the 
year 1860 33 

33. Humphrys' Injection Condenser and 

Douhle-Acting Air-Pumps, for Single 
Pinton Rod, Direct- Acting Screw Engines, 
used since the year 1859 37 

34. Dudgeon's Injt^ction Condensers and 

Double-Acting Air-Pumps, for Single 



Fig. 

Piston Bod Direct-Acting Screw Engines^ 

used sinoe the year 1864 38 

35. Modified Injection Condenser and Double- 

Acting Air-Pnmpa, for any class of Direct- 
Acting Engine, used since the year 1861 89 

36. Maudslay's Injection Condensers and 

Double-Acting AiivPumps, for Double 
Piston RodsRetum- Acting Screw Engines, 
used since the year 1868 40 

37. Maudslay's Injection Condenser and 

Double-Acting Air-Pumps for Double 
Piston Rods Return-Acting Screw Engines, 
used since the year 1850 41 

38. Ravenhill's Injection Condensers and 

Double-Acting Air-Pumps, for Double 
Piston Rods Return- Acting Screw Engines, 
used since the year 1857 42 

39. Ravenhill's Injection Condensers and 

Double-Acting Air-Pumps, for Double 
Piston Rods Return- Acting Screw Engines, 
used since the year 18G3 43 

40. Burgh's Injection Condenser and Double- 

Acting Air-Pomps, for Double Piston 
Rods Return-Acting Screw Engines, used 
since the year 1863 44 

41. Longitudinal Sectional Elevation of Burgh's 

Water-falling and Air-forcing Condenser 
and Double-Acting Plunger Air-Pumps. 
for Double Piston Rods Return-Acting 
Screw Engines, applied in the year 1862 . 45 

42. Transverse Sectional Elevation of Burgh's 

Water-falling and Air-fordng Condenser 
and Double-Acting Plunger Air-Pumps, 
for Double Piston Rods Return-Acting 
Screw Engines, applied in the year 1862 . 46 

43. Burgh's Injection Condenser and Double- 

Acting Air-Pumps~one for a pair of 
cylinders — for Twin Screw Engines, in- 
vented in the year 1865 47 

44. Watt's Iitjection Condenser and Air>Pump» 

for Horizontal Direct-Acting Screw 
Engines, constructed in the year 1866 . 47 

45. Watt s Injection Condenser and Air-Pumps 

for Horizontal Direct-Acting Screw 
Engines, constructed in the year 1866 . 48 
45a. Dudgeon's Plunger-Pumps and Condenser 
for Inverted Angular Twin Screw Direct- 
Acting Engines, constructed in the year 
1869 49 

INJECTION VALVES. 

124. Plate Injection Valve and Casing for the 
Condensers of Marine Engines, as used at 
the present time 118 



INDEX OF ILLUSTRATIONS. 



247 



Fig; Page 

125. Gridiron Injection Yalve, Seating, and Cas- 

ing, for the Condensers of Marine Engines, 
as used at the present time .... 119 

126. Bilge Injection Plug Valve, as fitted«to the 

Condensers of Marine Engines at the 

present time 120 

14. Burgh's Gridiron Valve and Casing for 

Land Engines 16 

23. Burgli's Disc Injection Valve and Casing . 26 
27. Bennie's Perforated Disc Injection Valve . 30 

KINGSTON VALVES. 

136. Ordinary ** Kingston " Valve, for the admis- 

sion of Injection or Circulation Water to 
the Condensers of Marine Engines, used 
since the year 1851 127 

137. Modem ** Kingston " Valve, for the admis- 

sion of Injection and Circulating Water 
into the Condensers of Marine Engines, 
used since the year 1866 128 

LOCOMOTIVE CONDENSEBS. 

194. Slaughter's Air Surface Condenser and 

Water Injection Condenser, for Locomo- 
tive Engines, patented in the year 1863 . 193 

195. Slaughter's Air Pump, Water Injection, 

and portion of Air Surface Condensers, 
for Locomotive Engines, patented in the 
year 1863 194 

196. Thorold's Water and Air (condensing Appa- 

ratus, for the Condensation of Steam in 
Locomotives, patented in the year 1864 . 195 

197. Sectional plan of a portion of the Con- 

densing Locomotive running on the Me- 
tropolitan Underground Bailway in the 

year 1866 197 

19a Sectional Plan of the Supply Water Tank 
for the Condensing Tank shown by Fig. 
197 198 

199. Side Sectional Elevation of the Supply 

Water Tank for the Condensing Tank 
shown by Fig. 197 198 

200. Side Sectional Elevation of the Condensing 

Locomotive running on the Metropolitan 
Underground Bailway in the year 1866 . 199 

201. Front and Sectional Elevation of the Con- 

densing Locomotive running on the Me- 
tropolitan Underground Bailway in the 
year 1866 199 

202. Weights on the Points of Adhesion, and 

Arrangement of the Condensing and 
Supply Water Tanks, in the Condensing 
Locomotive running on the Metropolitan 
Underground Railway in the year 1866 . 200 



ng. 



Page 



203. Feed Pump fitted to the Condensing Loco- 

motive running on the Metropolitan Un- 
derground Bailway in the year 1866 . . 201 

204. Exhaust Steam Valve, to direct the steam 

either to the Chimney or to the Condens- 
ing Tank of the Condensing Locomotive 
sliown in connection in Fig. 197 . . . 202 

205. Valve for emptying the Condensing Tank 

of the Locomotive sliown by Fig. 197 . 202 

206. Belief Valve and Casing for the Pump 

illustrated by Fig. 203 202 

207. Morton's arrangement of Central and An- 

nular Nozzles, to cause a partial vacuum 
in Outside Cylinder Locomotive Engines, 
patented in the year 1867 203 

208. Morton's arrangement of Central and An- 

nular Nozzles, to cause a partial vacuum 
in Inside Cylinder Locomotive Engines, 
patented in the year 1867 203 

PUMPS AND VALVES FOB MABINE 
ENGINES. 

, 75. Watt's Arrangement of the Air and Cir- 
culating Pumps and Water-Tank for 
Inverted Vertical Direct- Acting Screw 
Engines, fitted in the S. Y. " Deerhound " 
in the year 1864 78 

98. Gwynne's Centrifugal Pump and Injection 

Condenser for Marine Engines, patented 
in the year 1851 100 

99. Tm-ner's Arrangement of Centrifugal Circu- 

lating Pump, Vertical Air-Pump, and 
Surface Condenser, for Marine Engines, 

patented in the year 1859 101 

100. Modem Centrifugal Pump, used as a Cir- 
culating Pump for surface Condensere of 
Marine Engines, constructed by all the 
leading firms since the year 1864 . . . 101 
Plan of tiie Pump shown by Fig. 100 . .102 
Modem Vertical Direct-Acting Engines, for 
driving the Fans of Circulating Pumps, 

as used since the year 1864 102 

Spencer's Vertical Double-Acting Piston 
Pump, to be applied as an Air or Circulat- 
ing Pump, separately, or combined at the 
Siune time, introduced in the year 1864 . 103 

104. Burgh's Double-Acting Vertical Pump for 

Marine Engines, to be used as an Air^ 
Pump or Circulating Pump, separately, or 
combined at the same time, patented in 
the year 1869 104 

105. Longitudinal Sectional Elevation of a 

Modern Horizontal Double-Acting Pibton 



101. 
102. 



103. 



248 



INDEX OF ILLUSTRATIONS, 



Fig. Page 

Pump and Valves for Marine Engines, as 
used bince the year 18G2 105 

106. Longitudinal Sectional Eleyation of a 

Modem Horizontal Double - Acting 
Plunger Pump and Valves for Marine 
Eoginea, used since the year 1864 . . . 106 

107. Burgh's Improved Arrangement of Valves 

for Horizontal Double-Aoting Plunger 
Pumps for Condensers of Marine Engines, 
invented in the year 1870 106 

PUMP PISTONS. 

108. Metallic Piston for Air and Circulating 

Pumps, as used since tlte year 1857 . .107 

109. Burgh's Metal Piston, packed with Lignum- 

VitsQ, tor Circulttting Pumps, as used since 
the year 1860 108 

PUMP VALVES FOR MARINE ENGINES. 

1 10. Penn's India-rubber Circular Valves, Metal 

Guards, and Multivalvular Seating 
Plate, for tlie Pumps of Marine Engines, 
as vLned at the present time . . . .110 

111. Maud^sla/s India-rubber Circular Valve, 

Metal Guard, and Single Seating, with 
Connecting Cross-Bar and Bolt, for the 
Pumps of Marine Engines, as used at the 
present time 110 

112. Maudslay's Inverted Circular Valve Connec- 

tion for Pumps of Marine Engines, as used 
at the present time . • Ill 

113. Watt's Indiarrubber Circular Valve, Metal 

Guard, Stud, and portion of Seating Plate, 
for Pumps of Marine Engines, as used at 
the present time Ill 

114. Ravenhiil's India-rubber Circular Valve, 

Metal Guard, Seating, and Stud, for the 
Pumps of Marine Engines, as used at the 
present time 112 

115. Burgh's Arrangement of India-rubber Cir- 

cular Valve, Guard, and Separate Seat- 
ing, for the Pumps of Marine Engines, 
invented in the year 1859 112 

1 16. Humphrys' Rectangular India-rubber Valve, 

Guard, and Separate Seating, for Pumps 
of Marine Engines, as used at the present 
time 113 

117. Humphrys* Inverted Rectangular Valve 

Connection for Pumps of Marine Engines, 
as used at the present time .... 113 

118. Burgh's Rectangular India-rubber Valves, 

Seating Plate, and Guards, for Pumps of 
Marine Engines, as used in the present 
day 114 



Fig. 

119. Burgh's Rectangular Inverted Valves ibr 

Pumps of Marine Engines, as used in the 
present day 114 

120. Spencer's Twin-flap Metal Valves for Air 

and Circulating Pumps of Marine Engines, 
constructed in the year 1865 .... 115 

121. WaU's Box-Seating and Valves for Pumps 

of Marine Engines, invented in the year 
1840 115 

122. Spencer's Arrangement of Suction and Dis- 

charge Valves, Seatings, and Guards, for 
Vertical Pumps of Marine Engines, as 
used since the year 1864 116 

123. Burgh's Circuhur Metal Valves, packed with 

Lignum-Vitas, for Pumps of Marine 
Engines, as used since the year 1866 . . 117 

PUMP VALVES FOR LAND ENGINES. 

141. Rectangular Wood-Packed Metal-hinged 

Valve and Seating, for the Air-Pumps of 
Land Engines, proposed in the year 1858, 
by H. C. Bosscha, a Dutch engineer . . 133 

142. Duuble-Seat Metal Valve, for the Pumps of 

Land Engines, applied in the year 1854 . 134 

143. Perreauz's Vulcanized India-rubber Valve 

and Seating, in one piece, invented and 
patented in the year 1857 135 

144. Burgh's India-rubber Discharge Valve, 

Metal Guard, and Seating, for Air-Pumps 
of Land Engines, as used since the year 
1862 135 

145. Burgh's Piston, Seating, Valve, and Guard, 

for Air-Pumps of Land Engines, as used 
since the year 1863 136 

PUMP MOTION GEAR FOR MARINE 

ENGINES. 

138. Watfs Twin Connecting Rod Head for 

working the Pumps of the Condensers of 
Marine Engines, used since the year 
1860 129 

139. Single Connecting Rod Head for working 

the Pumps of the Condensers of Marine 
Engines, used since the year 1858 . . 130 

140. Twin Eccentrics, Rods, and Piston, for the 

Pumps of Condensers of Marine Engines, 

used since the year 1864 132 

73. Todd's Eccentric Motion for Working 

Horizontal Pumps 75 

SNIFTING VALVES. 

129. Snifting Valve and Casing, as used for Con- 
densers of Murine Engines at the present 
time 122 



INDEX OP ILLUSTRATIONS. 



249 



Rg. Page 

130, Burgh's Spring Snifting Valve for Con- 

denfien of Marine Engines, introdnoed in 
the year 1862 123 

131. Plug Valve and India-rubber iSnifting 

Valve, for the Condensers of Marine 
Engines, used since the year 1864 . . 123 

SPRAY PIPES AND PLATES. 

10. Howe's Plain Narrow Nozzle Vertical Spray 

Pipe 13 

11. Burgh's Horizontal Perforated Spray 

Pipe 14 

12. Ordinary Vertical Bosehead Pipe ... 15 

13. Ditto ditto 15 

14. Burgh*s Gridiron Spray Pkte .... 16 
17. Perforated Plate and Plain Spray Pipe . . 18 
21. Watt's Semi-perfoiated Horizontal Pipe . 23 

23. Burgh's Bosehead Pipe 26 

24. Napier's Curved Perforated Box Plate . . 28 
27. Rennie's Perforated Plate 30 

41. Burgh's Perforated Divided Pipe ... 45 

42. Ditto ditto ditto .... 46 

44. Watf 8 Plain ditto ditto .... 47 

45. Ditto ditto ditto .... 48 
69. Ditto ditto ditto .... 65 

127. Penn's Spray Pipe, for the distribution of 

the Injection water in Condensers of 
Marine Engines, as used since the year 
1863 121 

128. Mandslay's Spray Pipe, for the distribution 

of the Injection water in Condensers of 
Marine Ihigines, as used since the year 
1863 121 



SURFACE CONDENSATION DIAGRAMS. 

209. Burgh's transverse diagram of the practical 

actions of Water and Steam, when the 
Steam is inside, and the water outside the 
tubes; illustrated first in a Lecture by 
him at the London Society of Arts and 
Sciences in the year 1867 227 

210. Burgh's longitudinal diagram in connection 

with Fig. 209 227 

211. Burgh's transverse diagram of the practical 

actions of Water and Steam, when the 
Steam is outside, and the Water inside 
the tubes, in surface condensers; illus- 
trated first in a Lecture by him at the 
London Socitty of Arts and Scieuces in 
the year 1867 228 

212. Burgh's longitudinal diagram in connec- 

tion with Fig. 211 228 



SURFACE CONDENSERS FOR PADDLE- 

WHEEL MARINE ENGINES. 
^- Page 

68. Davison's Arrangement of Surface Con- 

densers and Pumps for Oscillating Paddle- 
Wheel Engines, patented in the year 
1861 64 

69. Watt's Arrangement of Surface Condensers 

and Pumps for Oscillating Paddle- Wheel 
Engines, constructed in the year 1866 . 65 

70. Watt's Arrangement of Surface Condensers 

and Pumps for Oscillating Paddle- Wheel 
Engines, constructed in the year 1866 66 

71. Day's Arrangement of Surface Condenser 

and Pumps for Oscillatiug Paddle-Wheel 
Engines, constructed in tlte year 1865 . 68 

SURFACE CONDENSERS FOR INVERTED 
VERTICAL DIRECT-ACTING SCREW PRO- 
PELLER MARINE ENGINES. 

72. Macnab's Arrangement of Surface Con- 

denser and Pumps for Inverted Vertical 
Direct- Acting Screw Engines, patented in 
the year 1860 73 

73. Davison's Arrangement of Surface Con- 

denser and Pumps for Inverted Vertical 
Direct-Acting Screw Engines, patented in 
the year 1861 75 

74. Spencer's Arrangement of Surface Con- 

denser and Pumps for Inverted Vertical 
Direct- Acting Screw Engines, patented in 
the year 1862, constructed in the year 
1868 76 

77. Watt's Arrangement of the Surface Con- 

denser, Pumps, and Pipes for Inverted 
Vertical Engines, fitted in the S. Y. 
" Deerhound " in the year 1864 ... 79 

78. Humphrys* Arrangement of Surface Con- 

denser and Pumps for Inverted Vertical 
Direct-Acting Screw Engines, constructed 
in the year 1861 79 

96. Burgh's Condenser for Yacht Engines . . 99 

97. Rennie's Surface Condenser and Centrifugal 

Circulating Pump for Yacht and Launch 
Engines, constructed in the year 1866 . 99 

SURFACE CONDENSERS FOR HORIZONTAL 
DIRECT-ACTING SCREW PROPELLER 
MARINE ENGINES. 

79. Penn's Arrangement of Surface Condensers 

for Horizontal Double-Tnmk Screw 
Engines, introduced in the year 1860 81 

80. Dudgeon's Arrangement of Surface Con- 

densers for Horizontal Direct-Acting 

S 



250 



INDEX OP ILLUSTRATIONS. 



Fig. Ptge 

Screw Engines, introdnced in the year 
1865 83 

81. Dudgeon's Arrangement of Surfihce Con- 

densers for Horizontal Direct-Acting 
Screw Engines, constmcted in the year 
1865 84 

82. Watt's Arrangement of Surface Condenser 

for Horizontal Direct- Acting Screw En- 
gines, constructed in the year 1860 . . 85 

83. Burgh's Arrangement of Surface Con- 

densers for Horizontal Direct-Acting 
Screw Engines, introduced in the year 
1862 86 

84. Plan of Burgh's Cylindrical Surface Con- 

denser, with Duplicate Air and Circulat- 
ing Pamps, for Horizontal Direct-Acting 
Screw Engines, as constructed in the year 
1868 87 

85. Elevation of Burgh's Cylindrical Surface 

Condenser, with Duplicate Air and Cir- 
culating Pumps, for Horizontal Direct- 
Acting Screw Engines, as constructed in 
tlie year 1868 88 

86. Elevation of Burgh's Cylindrical Surface 

Condenser, with Duplicate Air and Cir- 
culating Pumps, for Horizontal Direct- 
Acting Screw Engines, as constructed in 
the year 1868 89 

87. Sectional Elevation of Burgli's Cylindrical 

Surface Condenser and Pumps, for Hori- 
zontal Direct-Acting Screw Engines, as 
introduced in the year 1869 .... 89 

SmFACE CONDENSERS FOB HORIZONTAL 
RETURN-ACTION SCREW PROPELLER 
MARINE ENGINES. 

88. Rennie's Central Surface Condenser and 

Duplicate Pumps, for Horizontal Return- 
Action Screw Engines, constructed in the 
year 1865 91 

89. Napier's Central Surface Condenser and 

Duplicate Pumps, for Horizontal Return- 
Action Screw Elng^nes, constructed in the 
vearl866 91 

90. Maudslay's Out^r Surface Condenser, with 

Angular Tubes and Separate Pumps, for 
Horizontal Return-Action Screw Engines, 
constructed in the year 1862 .... 92 
01. Sectional Elevation of ditto 93 

92. Maudslay's Outer Surface Ci>nderi8er, with 

Vertical Tubes and Separate Pumps, for 
Horizontal Return- Action Screw Engines, 
constructed in the year 1862 .... 94 

93. Laird's Outer Surfaoe Condenser, with 



Fig. Fige 

Horizontal Tubes and Outside Condensa- 
tion, for Horizontal Return- Action Screw 
Engines, constructed in the year 1866 95 

94. Longitudinal Sectional Elevation of Burgh's 

Angular Tube Outer Surfiftoe Condenser 
and Pumps for Horizontal Return- Action 
Screw Engines, constructed in the year 
1869 96 

95. Front and Sectional Elevations of Burgh's 

Angular Tube Outer, Surface Condenser 
and Pumps for Horizontal Return- Action 
Screw Engines, constmcted in the year 
1869 .97 

96. Burgh's AnguUr Tube Central, Surfiu^ 

Condenser for Angular Direct-Acting or 
Return- Action Screw Engines, constructed 
for, and fitted in, a Yacht in the year 
1867 99 



TUBULAR ARRANGEMENTS FOR THE 
CONDENSAITON OF STEAM. 

5. Hall's Original Arrangement of the Tabes, 

with the Water inside 9 

6. Hall's Original Arrangement of the Tabee, 

with the Steam inside 9 

46. Elder 8 Spiral Tube for Surfisoe Condenser, 

patented in the year 1859 50 

47. Selby'a Corkscrew Tube, for Sur&ce Con- 

densation, patented in the year 1862 \ .51 

48. Jack's Perforated Plate, for the Water to 

fall in a Shower on the Tubes, patented in 
the year 1860, but used by Hall in the 
year 1833 51 

49. Jack's Syphon Tube Arrangement, patented 

in the year 1862 51 

50. Allibon's Ammgement of Syphon Tubes 

and Chambers for Surface Condensation, 
patented in the year 1862 52 

51. Miller's Circulating Water Tubes for Sur- 

face Condensation, patented in the year 
1869 52 

52. Rowan's Circular Surfi^e Condenser, the 

Steam passing direct through the Tubes, 
and the Water mechanically circulating 
around them, patented in the year 1869 . 53 

53. Universal English Arrangement for the 

Tubes of a Vertical CircuUir Surfaoe Con- 
denser, used since the year 1865 . . .54 

76. Watt's Arrangement of the Condenser for 
Inverted Screw Engines, fitted in the S. Y. 
** Deerhouud ' in the year 1864 . . .78 

147. Whieldon's Simple Condensers, with 

Wrought Iron Tubes and Casing . . 137 



INDEX OF ILLUSTRATIONS. 



251 



TUBE PACKINGS. 
FfR. Page 

4. Hall's Tube Packing, invented in the year 
1831 8 

7. Hall's Tube Packing for Surface Condensers, 
applied in the year 1837 10 

54. Screwed Tube and Gland Packing, adapted 

generally gince the year 1840 .... 55 

55. Stimer^s Screwed Tube, in the Plate at one 

end and loose in the other, patented in the 
year 1865 55 

56. Bennett's Screwed Nozzle Packing, with 

Washer and Nut to fix in an India-rubber 
Plate, patented in the year 1869 ... 56 

57. Spencer's Self- Acting Tube Packing, used 

since the year 1858 56 

57. Marshall's Self-Aoting Tube Packing, 

patented in the year 1869 56 

58. Winton's Self-Acting Tube Packing, pro- 

posed in the year 1863 57 

59. Furlonge's Self-Acting Tube - Packing, 

patented in the year 1861 57 

60. Horn's Wood Seif-Acting Tube Packing, 

introduced in the year 18tj6 .... 58 

61. Macnab's Washer and Ferrule Tube Pack- 

ing, patented in the year 1860 .... 59 

62. Macnab's Flanged-ring Tube Packing, 

patented in tlie year 1860 59 

63. Macnab's Washer Tube Packing, as seen in 

plan, patented in the year 1860 ... 59 
G4. Sewell'tt Plate Tube Packing, patented in 

the year 1860 60 

65. M. de Normandy's Plate and Glands Tube 

Packing, patented in the year 1862 . . 61 

66. American Ring and Plate Tube Packing, 

introduced in the year 1862 .... 61 

67. Humphrys' Propiirtions for Hall's Screwed 

Gland Tube Packing, as nsod in tlie year 
1802 62 



WATERFALL CONDENSERS. 
Fig. Page 

148. Dr. Alban's Single-Action Engine and Air- 

Pump, invented by him in the year 1826 . 140 

149. Dr. Alban's Condenser, Tank, and Pipes, 

inyented in the year 1826 141 

150. Arrangement of Waterfall Condenser, with- 

out an Air-Pump, proposed in the year 
1868 143 

151. Diagrams of Valves, Boxes, and Waterfall 

Condenser, proposed in the year 1868 . 144 

152. Shirfs Waterfall Tank Condenser and 

Pipes, patented in the year 1862, but 
used in sugar refineries ten years pre- 
viously 146 

158. Parry's Annular Tubular Condenser, worked 
by a Waterfall and no Air-Pomp, pa- 
tented in the year 1865 ..... 147 

154. Carter's Double Condensers and Tappet 
Valve Gear, for the condensation of stefun, 
without an Air-Pump, applied in the year 
1869 149 

192. Ditto Patented in the year 1870 . . 190 

WATER DISCHARGE VALVES. 

132. Water Discharge Valve and Casing, for the 
Condensers of Marine Engines, used since 
the year 1858 124 

183. Water Discharge Valves and Casings, for 
Condensers of Marine Engines and Bilges, 
used since the year 1861 125 

134. Water Discharge Valve and Casing, fitted 

with Rack and Pinion G^r, for raising and 
lowering the Valve, for Condensers of 
Marine Engines, used since the year 1862 126 

135. Gridiron Discharge Water- Valve and Seat- 

ing, for Condensers of Marine Engines, 
used since the year 1864 ..... 1*21 



LOKDOX: PftlllTKO BT WILLI AM CLOWRB AXO SOIO^ STAMrOBD KfRIKT 

AKP CHABIXG CSOOB. 



?* 



